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PREFACE. 


As explained on p. 1102, it has been found necessary to 
carry forward to the next volume several papers which properly 
belong to this one, including the Biographical i^otice of Prof. 
Thomas Egleston, by G-eorge F. Kunz, 1^'ew York City. But 
the picture of the memorial bust of Prof. Egleston, accom- 
panying that Yotice, has been included as a frontispiece in 
the present volume. 

The reader will note, also, that some contributions, strictly to 
be regarded as “ Discussions,” are here printed among the 
‘•Papers,” for reasons given in footnotes attached to them. In 
connection with these apparent irregularities, a brief statement 
of the principles governing the arrangement of these volumes 
is deemed appropriate and timely. 

The supreme, controlling object in this work is the perfect 
accuracy, in all respects, of the published Transactions. In 
view of the wide distribution, throughout many countries, of 
the authors of papers, this is not an easy task. It requires, in 
the first place, that the papers should not be stereotyped, and 
that the “ lineotype ” or other cheap methods of type-setting 
should not he employed; because it is necessary to keep the 
text of the Transweiions^ to the last moment before printing the 
volume, open for corrections, additions, etc., which may destroy 
altogether the arrangement of the pages. As a consequence, 
the printer of the Institute is required to carry a very large 
amount of “ standing type,” sometimes aggregating more than 
750 pages, for a period ranging from three to eighteen months. 
The latter is, of course, a rare maximum ; but it might occur, 
for instance, if a paper by an author in some remote country 
were read at a Eebruary meeting, and his final corrections 
were not received until just before the volume was issued, in 
the summer of the following year. 

Obviously, it becomes necessary, in order to diminish the 
risk and cost of keeping so much lype standing, to print the 
sheets of the volume as fast as practicable, so as to release the 
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type for further use. This printing goes on continuously. At 
the time of dosing the present volume, for instance, several 
hundred pages of the next have beeii printed, and the sheets 
for the whole edition of that portion have been stored. For 
can such printing of any one paper be delayed because some 
other one is not ready for final issue. 

This condition has become imperative since the great increase 
in the bulk of the annual volume began. In obedience to it, 
the present Secretary, seventeen years ago, abandoned the 
original arrangement, by which the Proceedings of each meet- 
ing were followed by its Papers and Discussions ; and, soon 
after, sacrificed the former practice of appending to each paper 
its discussion. It was not possible to hold in type papers ready 
for fi,nal publication until all those of a preceding meeting wore 
similarly ready, or to hold a paper until the last discussion of it 
had been received, edited and finally approved. Consequently, 
the Discussions were put together at the end of the volume. 
But even this arrangement is not always practicable, when the 
contributions to a discussion are volnrainous. Some of them 
may be kept in type for more than a year, waiting for the com- 
pletion of the Papers ” of the volume. It may be observed, 
in passing, that for this reason the apparent amount, of the 
“ Discussions ’’ at the end of any volume is not a nioasuro of 
the amount of actual discussion therein printed. A much 
greater amount may be found, often in the nominal form of 
separate papers, in the preceding pages of the volume. 

In brief, the order of the contents of these volumes repre- 
sents essentially the order in which the separate papers, etc., 
have been brought to a satisfactory degree of perfection for 
filial printing. The “Discussions’’ are put last, so far as this 
arrangement is practicable, so that a place may remain for con- 
tributions of this class to the last moment before fin al printing. 
And the deficiency in logical arrangement or classifi-cation 
among the miscellaneous contents of each volume is made up 
in part by the full Table of Contents, and in still greater part 
by the elaborate and minute alphabetical analytical index, 
which is believed to furnish a much more complete and efficient 
guide to the reader. 

The following separate volumes, now in preparation, will he 
issued during the present year : 
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1. An Analytical Index of Yols. XSVI. to XXX., inclusive. 
This will be sent to members free. 

2. A special volume on Ore-Deposits, to contain tbe material 
of tbe “ Posepny volume,” now out of print, together with the 
important papers and discussions on the subject, since contrib- 
uted to the Institute. 

3. A special volume on Mine-Surveying Instruments, con- 

taining the paper of Mr. Dunbar D. Scott (Trans., xxviii.), and 
many other contributions and discussions since received (in- 
cluding the papers mentioned on p. 1102 of this volume as 
held for Yol. XXXL). K. W. Eaymond. 
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* Annual meeting for the election of officers. 

t Begun in February at New York City, for the election of officers, and adjourned to Florida. 
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The publications of the Institute comprise : 

Pamphlets. 

1. The minutes of the Proceedings of each Meeting. 

2. Such of the papers presented or read by title at each Meeting 
as are furnished by the authors and approved by the Council for 
full publication. (In nearly all cases in which papers, the titles of 
which appear in the Proceedings, are not subsequently published, 
they have been withdrawn by the authors.) These papers are pub- 
lished separately in pamphlet form, and are marked “ subject to 
revision.” Beyond the edition distributed without charge to mem- 
bers and associates not in arrears, a small supply is retained to 
meet subsequent demand. There are no copies on hand of papers 
read before 1880, The stock is nearly complete from 1880. These 
papers are for sale at the office of the Secretary, or are sent to pur- 
chasers by mail or express, charges paid, on receipt of the pricei, 
as follows : 


No. OF Pages. 


8 or less 

9 to 12 inclusive 
IS to 16 “ 

17 to 20 “ 

21 to 24 “ 

25 to 40 “ 

41 to 56 “ 

57 to 72 “ 

7S to 88 •* 

89 to 104 “ 

105 to 120 •' 


Single Copies. 


0 40 
0 45 
0 50 


1 00 
1 25 
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2 00 

2 50 

3 00 
3 25 
3 50 
3 75 


80 50 
1 00 

1 75 

2 25 
2 75 
S 50 

4 50 

5 00 

6 25 
6 00 
6 25 


Papers with folders and inserted plates subject to special price. 


Transactions. 

The volumes of Transactions, which are published annually, con- 
tain the list of officers, rules, etc., the Proceedings, and the papers 
revised for final publication. (In this revision, after the prelimi- 
nary publication, authors are permitted to use the largest liberty ; 
and the changes and additions made in papers are sometimes im- 
portant. It should be borne in mind, by those who study or quote 
a paper in the preliminary edition, that they may not have in that 
form the ultimate and deliberate expression of the author’s views. 
It should be added, however, that in the majority of cases there is 
no important change.) These volumes are for sale as follows, in 
paper covers : 
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Vols. I. to IV., inclusive, each, . , . . . . $3 00 

Vols. V. to VIII., inclusive, each, 4 00 

Vols. IX. and X. (a small supply only on hand), . . 10 00 

Vols. XI. to XXX., inclusive, each, 5 00 
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Indexes and Special Editions. 
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Indexes, Vols. I. to XV. and XVI. to XX., hound in one 

volume, cloth, 2 00 

Indexes, Vols. I. to XV., XVI. to XX., and XXL to XXV., 

hound in one volume, cloth, 3 00 
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Prof. C. H. Hitchcock, 1 00 

Memorial of Alexander L. Holley, with portrait, cloth, . 1 00 

List of Members, Rules, etc., paper, 50 

Authors’ Editions of Pamphlets. 

Extra copies, when ordered before the printing of the pamphlet 
edition, are furnished to authors, under Rule VII., at the following- 
rates ; 


No OP Pages. 

60 Copies. 

100 Copies. 

250 Copies. 

Each addi- 
tionallOOenpies 
above 250. 

4 or less 

$1 25 

$1 50 

82 25 

SO 50 


1 75 

2 25 

3 25 

0 75 
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2 25 

3 00 

4 25 

1 00 

13 to 16 “ 

2 75 

3 75 

5 25 

1 25 

17 to 20 “ 

3 25 

4 50 

6 25 

1 50 1 
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3 75 
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4 25 

6 00 

S 25 

2 00 1 

29 to 32 “ 

Covers (including print- 
ing on first page of the 

4 75 

6 75 

9 25 

2 25 

I 

same), extra 

1 50 

2 00 

8 00 

j 0 50 


Papers with folders and Inserted plates subject to special price. 


All communications and remittances should be addressed to 
R. AV. Raymond, Secretary, 99 John St., or P. 0. Box 223, New York 
City. 



RULES 


ADOPTED MAY, 1S73. AMENDED MAY, 1875, 1877, AND 1878, FEBRUAEY, 1880, 1881, 
1887, 1890, AND 1896. 


1 . 

OBJECTS. 

The objects of the Amebicait Institute or MiNiNa Engineers are to promote 
the arts and sciences connected mth the economical production of the useful min- 
erals and metals, and the welfare of those employed in these industries, by means 
of meetings for social intercourse, and the reading and discussion of professional 
papers, and to circulate, hy means of publications among its members and asso- 
ciates, the information thus obtained. 


II. 

MEMBERSHIP. 

The Institute shall consist of Members, Honorary Members, and Associates. 
Members and Honorary Members shall be professional mining engineers, geolo- 
gists, metallurgists, or chemists, or persons practically engaged in mining, metal- 
lurgy, or metallurgical engineering. Associates shall include all suitable persons 
desirous of being connected with the Institute, and duly elected as hereinafter 
provided. Each person desirous of becoming a member or associate shall be pro- 
posed by at least three members or associates, approved by the Council, and 
elected by ballot at a regular meeting (or by ballot at any time conducted through 
the mail, as the Council may prescribe) upon receiving three-fourths of the votes 
cast, and shall become a member or associate on the payment of his first dues. Each 
person proposed as an honorary member shall be recommended by at least ten 
members or associates, approved by the Council, and elected by ballot at a regular 
meeting (or by ballot at any time conducted through the mail, as the Council 
may prescribe) on receiving nine-tenths of the votes cast ; Provided, that the 
number of honorary members shall not exceed twenty. The Council may at any 
time change the classification of a person elected as associate, so as to make him 
a member, or vieemrsa., subject to the approval of the Institute. Ail members 
and associates shall be equally entitled to the privileges of membership ; Provided, 
that honorary members shall not be entitled to vote, and members or associates 
whose post-office address shall he outside of the United States, Canada and Mexico 
shall not be entitled to vote by mail, except upon proposed amendments to the 
Eules. 
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Any member or associate may be stricken from the list on recommendation of 
the Council, by the vote of three-fourthb of the members and associates present at 
any annual meeting, due notice having been mailed in writing by the Secretary 
to the said member or associate. 


III. 

DUES. 

The dues of members and associates shall he ten dollars, payable upon their 
election, and ten dollars per annum thereafter, payable in advance on the first day 
of each calendar year. Honorary members shall not be liable to dues. Any 
member or associate not in arrears may become by the payment of one hundred 
dollars at one time a life-member ox associate, and shall not be liable thereafter 
to annual dues. Any member or associate in arrears may, at the discretion of the 
Council, he deprived of the receipt of publications, or stricken from the list of 
members when in arrears for one year ; Provided, that he may be restored to mem- 
bership by the Council on payment of all arrears, or by re-election after an interval 
of three years. 


IV. 

OFFICERS. 

The affairs of the Institute shall be managed by a Council, consisting of a Presi- 
dent, six Vice-Presidents, nine Managers, a Secretary and a Treasurer, who shall 
be elected from among the members and associates of the Institute at the annual 
meetings, to hold office as follows : 

The President, the Secretary, and the Treasurer for one year (and no person 
shall be eligible for immediate re-election as President who shall have held that 
office subsequent to the adoption of these rules, for two consecutive years), the 
Vice-Presidents for two years, and the Managers for three years ; and no Vice- 
President or Manager shall be eligible for immediate re-election to the same office 
at the expiration of the term for which he was elected. At each annual meeting 
a President, three Vice-Presidents, three Managers, a Secretary, and a Treasurer 
shall be elected, and the term of office shall continue until the adjournment of the 
meeting at which their successors are elected. 

The duties of all officers shall be such as usually pertain to their offices, or 
may be delegated to them by the Council or the Institute ; and the Council may 
in its discretion require bonds to be given by the Treasurer. At each annual 
meeting the Council shall make a report of proceedings to the Institute, together 
with a financial statement. 

Vacancies in the Council may occur by death or resignation ; or the Council 
may, by a vote of the majority of all its members, declare the place of any officer 
vacant, on his failure for one year, from inability or otherwise, to attend the 
Council meetings or perform the duties of his office. All vacancies shall he filled 
by the appointment of the Council, and any person so appointed shall hold office 
for the remainder of the term for which his predecessor was elected or appointed ; 
Provided, that the said appointment shall not render him ineligible at the next 
annual meeting. 

Five members of the Council shall constitute a quorum ; but the Council may 
appoint an Executive Committee, or business may he transacted at a regularly 
called meeting of the Council, at which less than a quorum is present, subject to 
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tlie approval of a majority of the Council, subsequently given in writing to the 
Secretary, and recorded by Mm with the minutes. 

V. 

ELECTIONS. 

The annual election shall be conducted as follows : Nominations may be sent 
in writing to the Secretary, accompanied with the names of the proposers, at any 
time not less than thirty days before the annual meeting ; and the Secretary shall,, 
not less than two weeks before the said meeting, mail to every member or asso- 
ciate (except honorary members) a list of all the nominations for each office so 
received, together with a copy of this rule, and the names of the persons ineligible 
for election to each office ; and if the Council, or a Committee thereof, appointed 
for the purpose, shall have recommended any nominations, such recommendation 
may also be sent to members and associates with the said list of all nominations 
made, but not upon the same paper. And each member or associate, qualified to 
vote, may vote, eitherby striking from or adding to the names of the said list, leav- 
ing names not exceeding in number the officers to he elected, or by preparing a 
new list, signing said altered or prepared ballot with his name, and either mail- 
ing it to the Secretary or presenting it in person at the annual meeting ; ProMed, 
that no member or associate in arrears since the last annual meeting shall be 
allowed to vote until the said arrears shall have been paid. The ballots shall be 
received andexamined by three Scrutineers, appointed at the annual meeting by 
the presiding officer ; and the persons who shall have received the greatest num- 
ber of votes for the several offices shall he declared elected, and the Scrutineers 
shall so report to the presiding officer. The ballots shall be destroyed, and a list 
of the elected officers, certified by the Scrutineers, shall he preserved by the 
Secretary. 


VI. 

MEETINGS. 

The annual meeting of the Institute shall take place on the third Tuesday of 
February, at which a report of the proceedings of the Institute and an abstract of 
the accounts shall be furnished by the Council. Other meetings shall be held in 
each year, at such times and places as the Council shall select, and notice of all 
meetings shall be given by mail, or otherwise, to all members and associates, at 
least twenty days in advance. 

Every question wffiich shall come before any meeting of the Institute, shall be 
decided, unless otherwise provided by these Rules, by the votes of a majority of 
the members then present. Any member or associate may introduce a stranger 
to any meeting ; but the latter shall not take part in the proceedings without the 
consent of the meeting. 


VIL 

PAPERS AND PUBLICATIONS. 

The Council shall have power to decide on the propriety of communicating to 
the Institute any papers which may he received, and they shall be at liberty, when 
they think it desirable, to direct that any paper read before the Institute shall 
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be printed in tbe Transactions. Intimation, when practical, shall be given, at 
each general meeting, of the subject of the paper or papers to be read, and of the 
questions for discussion at the next meeting. The rea^ng of papers shall not be 
delayed beyond such hour as the presiding officer shall think proper ; and the 
election of members or other business maybe adjourned by the presiding officer, 
to permit the reading and discussion of papers. The published papers and vol- 
umes of Transactions shall be distributed to all members and associates not in 
arrears, and may be sold to the public upon such conditions as the Council shall 
prescribe ; but the Council may, in its discretion, omit sending to members and 
associates outside of the United States, Canada and Mexico, special circulars, 
unless the same contain proposed amendments to the Eules. 

The copyright of all papers communicated to, and accepted by, the Institute, 
shall be vested in it, unless otherwise agreed between the Council and the author. 
The author of each paper read before the Institute shall be entitled to twelve 
copies, if printed, for his own use, and shall have the right to order any number 
of copies at the cost of paper and printing, provided said copies are not intended 
for sale. The Institute is not, as a body, responsible for the statements of fact or 
opinion advanced in papers or discussions at its meetings, and it is understood 
that papers and discussions should not include matters relating to politics or 
purely to trade ; nor shah the Council or the Institute officially approve or dis- 
approve any technical or scientific opinion or any proposed enterprise outside the 
management of the meetings, discussions and publications of the Institute, as pro- 
vided in these Eules ; Provided, however, that committees may be appointed by 
the Council or the Institute to make investigations and submit reports at meetings 
of the Institute ; but no action shall be taken binding the Institute for or against 
the conclusions of any such reports. 


VIII, 

AMENDMENTS. 

These Eules may be amended at any annual meeting by a two-thirds vote of the 
members present ; Provided, that written notice of the proposed amendment shall 
have been given at a previous meeting ; and Provided, ako, that the amendment or 
amendments so adopted shall be printed upon a ballot and sent, not later than the 
next distribution of printed matter, to all members and associates not in arrears 
for the preceding year (except honorary members and foreign members elected 
before February, 1880), and each person receiving the same shall be requested to 
return it to the Secretary with his written vote of Yes or No to each amendment, 
and his signature ; and the President shall appoint as Scrutineers three members 
or associates, who shall examine all of the said ballots which shall have been re- 
turned within one month from the date of their distribution, and shall report the 
result ; and the Secretary shall publish and distribute to members, not later than 
the next distribution of printed matter, an announcement of the said result so re- 
ported, together with the text of the additional or amended rule or rules so 
adopted ; and the amendment or amendments approved by the majority of the 
ballots so returned and reported shall become part of these Eules from and after the 
publication of said announcement by the Secretary. 




Proceedings of the Seventy-Eighth (Thirtieth Annual) 
Meeting, Washington, D. C., February, igoo. 

Committees. 

Executive Oommitiee. — Hon. Charles I). Walcott, Ckainnan ; E. W. Parker, 
Secretai-y. , 

Reception Committee . — Arnold Hague, Chaiman ; Dr. Z. T. Sowers, Cabell 
Whitehead, Dr. Thomas M. Chatard, H, C. Perkins. 

JProgrcm Committee. — Fred. P. Dewey, Chairman; T. C. Walsh, G-. L. Bradley, 
G. Steiger, B. Willis. 

Hotels Committee. — Dr. David T. Day, Chairman ; N. H. Daiton, G. C. Gardner, 
0. E. Hesse, H. W. Turner. 

Banquet Committee.— 'S>. F. Emmons, Chamnan; G. E. Eldridge, Prof. C. E. 
Munroe, J. Pierce, Jr., E. W. Parker. 

Excursion Committee. — C. Willard Hayes, Chairman; Alfred E. Jessup, M. P. 
Campbell, G. K. Gilbert, W. Lindgren. 

Finance Committee. — ^Dr. Thomas M. Chatard, Chairman; E. H. Chapman, 
J. S. Pechin, W. H. Weed, Gifford Pinchot, C. E. Coffin. 

Hold Headquarters . — Arlington Hotel. 

The opening session was held on Tuesday evening, February 
20th, at the lecture hall of the Columbian University. Hon. 
Charles D. "Walcott, Director of the United States Geological 
Survey, called the meeting to order and introduced the Hon. 
John H. Wight, one of the Commissioners of the District 'of 
Columbia, who welcomed the visiting members in a brief ad- 
dress. President James Douglas responded on behalf of the 
Institute. 

Messrs. G. P. Knapp, A. W. Sheafer and Theodore Dwight 
were appointed Scrutineers to examine the ballots received by 
mail, and to report the result at a later session. 

Hon. Charles D. Walcott, Director of the IT. S. Geological 
Survey, delivered a brief address explaining the work of the 
Survey in ditfejent regions of the United States — a summary 
of his paper on “ The Work of the United States Geological 
Survey in Eelation to the Mineral Resources and Mining 
Industries of the United States,” printed elsewhere.* His 
remarks were illustrated by a colored map. 


■ See p. 3. 
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Tlie President then introduced Mr. G. K, Gilbert, of the 
Survey, %vho exliibited and explained a series of colored lantern 
views of Alaskan scenery, selected from a large number of pho- 
tographs recently taken by him. 

The second session was held in the lecture-hall of the Colum- 
bian IJnivefsity at 10 o’clock Wednesday morning, President 
Douglas presiding. 

Prof. C. R. Van Hise, Madison, Wis., read a paper on Some 
Principles Controlling the Deposition of Ores, 

The Secretary presented a synopsis of a paper on Origin and 
Classification of Ore-Deposits, by Charles R. Keyes, Des Moines, 
Iowa. 

A discussion of Prof. Van Hise’s paper followed. 

The session concluded with the reading of a paper on The 
Secondary Enrichment of Ore-Deposits, by S. P. Emmons, 
Washington, D. C. 

Before adjournment, announcements were made concerning 
the arrangements for afternoon excursions and evening recep- 
tions, and an invitation was extended to the members and guests 
of the Institute to visit on Friday afternoon the Engraving and 
Printing Division of the U. S. Geological Survey, where all the 
map-work is done. 

^he third session opened on Thursday morning, February 
22d, at 10 o’clock. 

The paper of F. C. Schrader and A. H. Brooks, of Washing- 
ton, D. 0., on Some Rotes on the Rome Gold Region of Alaska, 
was read by Mr. Brooks, illustrated by lantern slides, and fol- 
lowed by informal discussion. 

The following paper was presented by the author ; 

Hydrographic Investigations of the United States Geological 
Survey in their Relation to Mining (illustrated with lantern 
slides), by F. H. Rewell, Washington, D. 0. 

The fourth session opened on Friday morning, February 23d, 
at 10 o’clock. 

Before the reading of papers, the Secretary read an invitation 
to the members of the Institute from Milwaukee to attend the 
International Mining Congress to he held there June 19th to 
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23d inclusive. As tlie Institute had no official connection with 
the Congress, no action was taken. 

The following papers were presented by their authors : 

The Clealum Iron-Ores, Washington, by George Otis Smith 
and Bailey Willis, Washington, D. C. 

Gruson Rotating Turrets, by T. Guilford Smith, Buffalo, 
K Y. 

The Enrichment of Gold and Silver Yeins, by Walter H. 
Weed, Washington, D. C. 

The fifth and final session was held on Eriday afternoon at 2 
o’clock. 

Mr. Clemens Catesby Jones, Richmond, Va., presented a 
paper on The Roller-Pallet System for the Manufacture of 
Bricks. 

The annual report of the Council was presented as follows : 

Annual Report of the Council. 

In accordance wfith the rules, the Council makes the follow- 
ing report to the Institute : 

The financial statement of the Secretary and the Treasurer 
shows receipts from all sources for the year ending December 
31, of 131,435.60, and expenditures of |31, 551.84, not including 
in the receipts the cash surplus of |7609.06 on hand January 
1, 1899, or in the expenditures the investment of |5230 in the 
purchase of bonds for the life-membership ftiiid. This fund 
now contains, as per the auditor’s report, securities of the par 
value of $16,900, having a present market-value of about 
$20,000, which practically covers the amount of $100 each for 
the life-members now living. 

Apart from the items stated, the expenditures have exceeded 
the receipts by $126.21. But this result will be seen to be 
highly encouraging, when the special and extraordinary out- 
lays of the year axe taken into account. Among these may be 
named the expenses of moving the Secretary’s office to its new 
quarters, and the suitable furnishing of the latter, the cost of 
which has been about $1600 (included in the statement below 
under the items of the special appropriation of $1000 for moving 
and equipment, and of office supplies and repairs); the payment 
of $526.13 for a supply, sufficient for years to come, of onion- 
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skin ” paper for the folding plates inserted in papers;* the ex- 
pense of sending to members throughout the world the sou- 
venir volume,” an item which is included partly under 
postage,” p)artly under ‘^express and freight charges,” and 
which partly explains the increase of more than $1000 in these 
two items over the figures of last year. 

There were increased expenses, also, in many other depart- 
ments, by reason of the increase in membership and office- 
work, the occupancy of new quarters at higher rent, the special 
outlay required in connection with the California meeting, etc. 
But these are not considered as exceptional. It is sufficient to 
say that the income of the Listitute has been able to bear all 
but an insignificant sum of the really extraordinary expendi- 
tures above stated, amounting to more than $2800, and that it 
will amply support the operations of the coming year, which 
have been planned on a liberal scale for the accommodation of 
the business of the Institute, and of members visiting its office. 

The detailed statement of receipts and expenditures is as 
follows : 


Receipts. 


Balance from statement, 

Annual dues, 

$24,471.67 

Life membership, 

1,596.96 

Binding of TransaetionSf 

2,238.65 

Sale of publications, 

2,875.12 

Electrotypes, 

3.60 

Interest on bonds and deposits, .... 

747.00 

iMiscellaneous, 

2.60 

Disbursements. 

Printing volume xxviii. of Tramaolbom, 

$2,718.28 

“ pamphlet edition of papers, . 

3,407.29 

circulars and ballots, .... 

133.10 

Binding volume xxviii. and miscellaneous vol- 

umes of IVanscwtions, .... 

2,202.40 

“ exchanges, 

55.49 

Engraving and electrotyping, .... 

1,150-12 

Secretary’s department, including clerks, stenog- 
raphers, and expenses of editing and proof- 

reading, ........ 

8,510.50 

Carried forward, 

$18,277.18 


17,609.06 


131,435.60 

$39,044.66 


* Tliis paper is especially manufactured for the Institute, and must be ordered 
in considerable quantity, for that reason. 
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Brought forward, ^18,277,18 

Postage, including post-office bos rent, . . 2,055.71 

Stationery, 594.21 

Kent, 1,900.00 

Express and freight charges, .... 1,529.93 

Telephone, 117.45 

Telegrams, cablegrams and car-fare, . . . 48.59 

Coal, ice and gas, 62.68 

Assistant Treasurer’s department, . . . 3,474.34 

Storage of 7Vcm.saciio?js, . . . . . 112.02 

Special stenographers and expenses of meetings, . 1,097.40 

Office supplies and repairs, 730. 88 

Insurance, 15.54 

Miscellaneous, 3. 38 

Moving and equipment of new office, . . . 1,000.00 

Onion-sHn paper for plates in volume, . . 526.13 

Library addition, 116.40 

Purchase of Penn. R. E. 6 per cent, bonds, . . 5,230.00 

836,781.84 

12,262.82 


Since the last annual report, the office of the Institute has 
been moved to the fire-proof granite building of Messrs. Phelps, 
Dodge & Co., at 99 John Street, where a suite of four large 
rooms was at first secured, to accommodate the Secretary and 
his assistauts, the Assistant Treasurer and his clerks, the mail- 
ing department, and the collection of books and files of ex- 
changes. A fifth room has been added since, for the last- 
named purpose, and will be fitted up for the accommodation of 
members who desire to consult the volumes and files re- 
ferred to. 

Volume xxviii., an octavo of 1093 pages, issued and dis- 
tributed during the year, is believed to be the equal of any of 
its predecessors in interest and value. 

Two meetings were held during the year ; the annual meet- 
ing in Pebruary at I^ew York City, and tbe California meeting 
in September at San Prancisco. It is not necessary here to re- 
peat what the published proceedings of these meetings, and the 
papers furnished to the TramactioTis in connection with them, 
abundantly testify concerning their professional and social suc- 
cess. "With regard to the California meeting in particular, the 
“ Proceedings bear witness to the extraordinary hospitality 
shown to the visiting members and guests of the Institute by 
the California Miners^ Association and the mining companies, 
cities and citizens of the Pacific Coast generally. 
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Changes in membership have taken place during the year as 
follows ; 2 honorary members, 196 members and 23 associates 
have been elected; 4 associates have become members; the 
deaths of 30 members and 4 associates have been reported; 50 
members and 4 associates have resigned ; and 43 members and 
3 associates have been dropped from the roll by reason of non- 
payment of dues, loss of correct address, etc.* These changes 
are tabulated as follows : 



H M. 

F. M. 

M. 

A. 

Totals. 

.A.t date of last report 

9 

37 

2355 

172 

2574 


2 


196 

23 

221 




4 


4 




50 

4 

54 

Dropping 



43 

3 

46 

Obfl.nge r>f Rtntns 




4 

4 

Deatli 



30 

4 

34 

Total ffaina 

2 


200 

23 

225 

Total losses 

1 


123 

15 

138 

Present membership 

11 

37 

2433 

180 

2661 


The list of deaths reported during the past year comprises 
the following : Life Menihei's : William Y. Campbell, Eugene 
Hoefer, Mcolas E. Manzavino, J. 0. Peters. Members and 
Associates: M. A. Bucke (1896), M. C. Bullock (1874), 
Prank Carter (1873), John S. Cary (1883), W. P. Durfee 
(1876), Henry Engelmann (1872), E. B. Grubb (1894), 
Albert Guenther (1898), E. S. Hayden (1894), E. P. Holden 
(1887), Alfred E. Hunt (1879), Eeese James (1879), Hiram 
Kimball (1882), J. Cook Kingsley (1882), K. P. Lord (1882), 
Selden E. Marvin (1878), W. B. Middleton (1898), F. P. 
Miles (1877), W. E. Hewberry (1885), Samuel Peters (1883), 
Fred. H. Smith (1890), H. S. Smith (1890), J. Harcourt 
Smith (1894), John H. Swoyer (1898), William K Syming- 
ton (1873), William T. Thompson (1896), J. E. Wagner (1891), 
Eobert S. Weir (1895), James G. Wood (1893), W. Dewees 
Wood (1883), Clarence A. Woodford (1896).t 

Concerning the list of deaths, such data as have been ob- 
tained by the Secretary are given below, in the alphabetical 


Many of these, no doubt, wiU be reinstated, as has been the case in former 
years. 

t The date in parenthesis is that of election as member or associate. 
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order of tlie names. Any appropriate biographical data con- 
cerning names not here mentioned, which may be received 
hereafter, will be included in the next annual report. 

Maurice A. JBucke w^as born in 1868 and died December 5, 
1899, in a runaway accident at Jardine, Park county, Mont. 
He was graduated from the Ontario School of Practical Science 
in 1890, and later received the degree of Mining Engineer from 
the Toronto University. His first practical experience was 
gained on the staff of the G-eological Survey of Canada, making 
a geographical and topographical survey of the phosphate re- 
gions of Quebec and Ontario. In May, 1892, he went to 
Kootenay, where he soon became prominent for his profes- 
sional ability and capacity for hard work. Por two years he 
was engineer at the Koble Five mine, and in 1895 obtained a 
similar appointment at the Oreat Slocan Star, which he filled for 
three years. Pie did not confine his labors to the Slocan, how- 
ever, for during six years he managed no less than twelve 
properties in different sections of East and West Kootenay and 
in South Yale with distinguished success. In 1896 he became 
associated with Mr. W. Trethewey in the well-known firm of 
Trethewey & Bucke, Mining Engineers, of Kaslo and Yan- 
couver. At the time of his death he was the superintendent of 
the Bear Gulch and the King Solomon Quartz and Placer com- 
panies, at Jardine, Park county, Mont. He was a member of 
the Canadian Mining Institute, and was well known and highly 
respected throughout Canada. 

Milan C. Bullock was born in Granville, Washington county, 
K. T., June 26, 1838, and brought up on a farm until eighteen 
years of age, when he served a miller’s apprenticeship, which 
was eventually abandoned because of ill health. At the out- 
break of the Civil War he was rejected as applicant for enlist- 
ment on account of asthma, so at twenty-four he apprenticed 
himself to learn the trade of machinist, where he applied him- 
self with such determination that the end of eighteen months 
found him foreman of the shop. Several years were spent as 
journeyman, going to machine shops of all kinds from Massa- 
chusetts to Missouri, familiarizing himself with all that was 
best in the business, and his unvarying good nature and per- 
sistent energy always gained him friends among shopmates and 
employers, and rapidly advanced him to the front rank. In 
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1866 he entered the employ of the Steam Stone Cutter Co., of 
E.utland, Yt, mannfactarers of the Wardwell channeler; and 
t^TO years later became connected with the old Windsor Armory 
Co., of Windsor, Yt, then engaged in the manufacture of 
diamond drills and channeling machinery, where he gained 
the special experience afterwards of so much value to himself 
and to the mining industry generally. In 1870 he became 
superintendent of the Pennsylvania Diamond Drill Co., and 
put down at Phoenix Park, under the most discouraging cir- 
cumstances, the first deep hole ever bored with a diamond 
drill. While with this company he patented a number of im- 
portant improvements in diamond drills, and with Jacob Shelby 
invented and patented the “ Long-hole or continuous process 
of shaft-sinking, made famous by the eminent engineer, G-en. 
Henry Pleasants, who (when other mining men were calling 
Mr. Bullock “that crazy Yankee crank”) at once recognized 
the advantages of his process, and had the courage to adopt his 
plans in sinking the two East Norwegian shafts near Pottsville, 
Pa., to a depth of 1685 feet, with remarkable rapidity for those 
days. In the fall of 1871 Mr. Bullock accepted the position of 
General Superintendent of the American Diamond Drill Co., 
of Hew York, and introduced the diamond drill at Hell Gate, 
Hew York harbor. He also extended its use for prospecting 
purposes among many mines and quarries of the Eastern States, 
In 1873 he superintended and built the plant used in driving 
the famous Lima and Oroya railroad tunnel through the Andes 
at a height of nearly 14,000 feet above sea level. In the sum- 
mer of 1874 he was financially ruined by the failure of the 
American Diamond Drill Co., so he started business in Chicago 
the following year on a modest capital of |600. For three 
years he struggled with indomitable pluck, and by persever- 
ance and strict adherence to a high standard of excellence both 
in design and workmanship, he built up a large and profitable 
business. To diamond drills his company added the manu- 
facture of rock-drills, air-compressors, hoists and other machin- 
ery, including the “ Bulloek-Corliss ” engine, and the Willaus 
high-speed engine. After a year of failing health, he died at 
Chicago, J anuary 12, 1899, sincerely mourned by a large circle 
of personal friends, and by many an engineer whose early 
struggles were lightened and encouraged by bis ready aid. 
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William Y. Campbell was born in Edinburgh about the year 
1864. Left an orphan early in life, he was adopted into the 
family of Mr. Thomas Diift*, a resident of ISTatal. Here he 
passed his youth and earnestly studied the public affairs of the 
colony, acquiring such a knowledge of the languages and 
character of the natives that he became one of the leading 
authorities in the colony on these and cognate subjects. In 
1877 he made his first trip to England, and in the following 
year started business in Durban ; but he soon gave up commer- 
cial pursuits, studied law, and was admitted to the ISTatal bar. 
At the request of the government he codijfied the laws of the 
colony. He was engaged in several celebrated causes, histori- 
cally known as the Zulu trials, was the adviser of the late Zulu 
king, Cetewayo, and to the last did his utmost for the native 
races of South Africa. About twelve years ago Mr. Campbell 
left Hatal for the Transvaal, settled at Johannesburg, where he 
occupied until his death a unique position. Though generally 
recognized as the representative of large IJitlander interests, 
and a pronounced advocate of British supremacy, he retained 
the confidence of the Boer leaders, and was influential in set- 
tling some of the most pressing difficulties between the Uit- 
landers and the Transvaal government. He became an officer 
of the Johannesburg Chamber of Mines, and was for some time 
its vice-president. He was deeply interested in the prosperity 
of the "Witwatersrand, and the confidence in him was so general 
that he had access to many facts and statistics unobtainable by 
others. This made him a valuable contributor to the columns 
of the Engineering and Mining Journal and the pages of The 
Mineral Industry. In recent years he was greatly interested in 
the development of the Chartered Company territories. He 
was for some years managing director of the corporation known 
as the Gold-Eields of Matabeleland, but he resigned his position 
in 1896 in response to a request from the authorities to spend 
two or three years organizing the government of Hyassaland, a 
task for which he was especially fitted by his thorough knowl- 
edge of the native races, his familiarity with the various South 
African languages, and his high sense of equity and realization 
of the rights of those people. In fact, he was regarded with 
the greatest reverence by the Zulus of Hatal, the Transvaal and 
the adjoining regions, and their leaders sincerely grieved to 
c 
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hear of the death of “ Weely,” as they affectionately called 
him, Mr. Oamphell went to London early in 1899, and in 
April left for Lisbon on a financial mission. Having finished 
Ms work, he was on the point of starting for Paris when he 
contracted small-pox, and died after a few days’ illness, April 
21, 1899. He was a prominent figure in Johannesburg, where 
he kept open house, and entertained not only friends and neigh- 
bors, but many distinguished visitors. He was an excellent 
orator, a clear, concise writer, and as a representative TJitlander 
was spokesman upon all occasions. Although never claiming 
to be a practiced mining engineer, he was generally recognized 
as an authority on mining questions, mill-management and the 
financial management of companies. He was a life member of 
the American Institute of Mining Engineers (1897), and a 
member or fellow of several English scientific societies. 

Frank Carter was born iu,PottsYille, Pa., in 1884, entered 
the ofiice of P. W. Sheafer, where he studied civil and mining 
engineering, and remained until about 1866, when he took 
charge of the coal lands owned by the Philadelphia and Mahauoy 
Coal Co., and was actively engaged in their early development. 
These to-day are the most valuable in the country. In July, 
1859, he located the town of Mahanoy City, laid it out into 
lots, and during his residence there organized and became one 
of the principal stockholders of the Mahanoy City Water Co. 
He was connected with the Philadelphia and Mahauoy Coal Co. 
until it sold out to the Philadelphia and Eeadiug Coal Co. in 
1872, when he was appointed land-agent for the new company, 
a position which he held until his death, March 22, 1899. Mr. 
Carter was interested in many PottsviUe enterprises ; -was iden- 
tified for a long time with the publication of the Miners^ Journal ; 
organized the Miners’ Journal Printing Go. ; was stockholder 
in the PottsviUe Water Co. and the State Deposit Banking Co. 
He was an active Mason and Knight Templar, and prominent 
in church and Sunday-school work. 

John Stockly Cary was horn in Cleveland in 1867, received 
his technical education at the Sheffield Scientific School of 
Tale University and Ereiberg, Saxony, taking additional 
courses in analytical chemistry, and established a laboratory in 
Chicago. In 1893 he was appointed chief chemist of the de- 
partment of Mines and Mining at the Chicago World’s Pair. 
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Later, lie perfected a method for the incidental production of 
alcohol in the manufacture of charcoal, and continued his ex- 
periments in this line while in charge of the chemical depart- 
ment of the Cleveland Cliffs Iron Co., at Glladstone, Mich. His 
experience gained for him the position of head chemist in the 
American Chemical and Spirits Co., which subsequently built 
under his superintendence at Evansville, Ind., a large plant for 
the manufacture of alcohol and by-products from wood. This 
was practically the end of his work ; for, hamng overtaxed his 
strength, he was threatened with lung trouble, forced to spend 
some months in Texas to recuperate, and upon his return was 
seized with a chill complicated with typhoid symptoms and a 
weak heart, and suddenly died April 9, 1899. 

William Franklin Durfee, born in Hew Bedford, Mass., Hov. 
15, 1833, took a special course of study at the Lawrence Scien- 
tific School of Harvard TJniver^ty, became an engineer and 
architect in his native town in 1853, and for five years served 
as City Surveyor. Sent to the State Legislature in 1861, he 
served as Secretary of the Military Committee and introduced 
a resolution requesting Congress to repeal “ all laws which de- 
prive any class of loyal subjects of the G-overnment from bear- 
ing arms for the common defense,” which is believed to have 
been the first formal proposition for arming negro troops. 
He designed a gun for naval use, and in June, 1862, went to 
Lake Superior to test the suitability of the iron-ores for the 
manufacture of steel by the method invented by William Kelley. 
He succeeded in producing some steel ingots from which, on May 
25, 1865, were rolled the first steel rails made in this country. 
He established at Wyandotte, Mich., the first analytical labora- 
tory built as an adjunct to steel works in the United States to 
study the Bessemer process and the use of the regenerative 
furnace. He received a medal at the Centennial Exposition in 
Philadelphia, 18 Y6, and was one of the judges of machine tools 
for wood-, iron- and stone-working. At Ansonia, Conn., he 
built the first successful furnaces for refining copper hy the use 
of gaseous fuel. In 1886 he became general manager of a com- 
pany controlling patents for the production of wrought-iron and 
steel castings. His death occurred at Middletown, H. Y., 
Hov. 14, 1899. He became a member of the Institute in 18ir6, 
presented the following papers : “ An Account of a Chemical 
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Laboratory erected at Wyandotte, Michigan, in the year 1868 
(Trans., xii., 228); and “A Vacuum-pump and Table-blow- 
pipe ’’ ( Trans., xiii., 279) ; and was a frequent contributor to 
discussions on Bessemer plants and the manufacture of iron 
and steel. 

Henry Engelmann, who died at La Salle, 111., March 30, 1899, 
took a very prominent part in the development of the zinc- 
smelting industry of the United States. He was for over 26 
years in charge of a department of one of our most important 
zinc works, and no one could show a longer experience or a 
wider knowledge of the work- He was horn at Brankfort, Ger- 
many, October 1, 1831, and after graduating from the Gymna- 
sium of Creiiznach and the University of Berlin, studied in the 
mining school at Freiberg, Saxony. After a year spent in 
visiting and studying various mines and metallurgical works, 
he came to the United States in 1856, and lived for awhile in 
St. Louis. He traveled through Missouri and participated in 
General Simj)aon’s expedition to the Southwest. In 1858 he 
accompanied Gen. Albert Sidney Johnston’s expedition to Utah, 
and after his return was engaged in geological work at Wash- 
ington. Early in 1861 he left, and, after a visit to the oil 
regions, went to Illinois, where he became connected with the 
State Geological Survey, and held the position of State Geologist 
for four years. In 1869 he was employed by the Matthiesen & 
Hegeler Zinc Co., at La Salle, HI., and remained in that com- 
pany, with the exception of two years spent in Utah studying 
coal-deposits and manufacturing coke, in the capacity of super- 
intendent of the ore department and general consulting engi- 
neer until his death. He was a careful student, acquired a very 
thorough knowledge of the zinc industry, and made many im- 
provements in the metallurgy of the metal. He was a highly 
esteemed member of the Institute since 1872, and contributed 
the following valuable papers; “The Brown Coals of Utah 
and Adjoining Territories” (Trans., iv., 298); and “The Utsch 
Automatic Jig” (Trans., ih, 81). 

Edward B. Qrubh, who died of typhoid fever in Philadelphia, 
January 8, 1899, was connected for the greater part of his pro- 
fessional career with the Sheridan Iron Works Co., at Sheridan, 
Pa., where, through industry and personal merit, he rose from 
a position of minor importance to become the Treasurer of the 
company- 
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Edward Simeon Hmjden^'bovw in Water'bury, Conn., October 
1851, began bis career as a bookkeeper in the Waterbiiry 
ITational Bank in 1869, and was elected Secretary and Treasurer 
of Holmes, Booth & Hayden ten years later. HaTing devoted 
himself to the study of the metallurgy of copper he became 
connected wdth the Bridgeport Copper Co. in the fall of 1886, 
and then put in practice the results of his studies and experi- 
ments. He was one of the promoters of the Baltimore Electric 
Hefining Co., organized in 1891 for the express purpose of using 
his process for the treatment of metals by electrolysis, an inven- 
tion patented in this country and abroad. This process in now 
in use at some of the largest copper refining works in this 
country. 

Eugene Hoefer^ who died April 16, 1899, at Lydenburg, in 
the Transvaal, graduated from the University of California, and 
was well known on the Pacific coast before he went to South 
Africa. He was prominent as a mining engineer and metal- 
lurgist in the Transvaal, and for several years past was manager 
of the Lydenburg Estates. 

Edward F. Molden was born at Charlotte, near Rochester, 
H. Y., Sept. 16, 1826, and died on Christmas day, 1899, in 
Syracuse, where he had spent nearly half of a useful life. He 
started his career as a carpenter and a school teacher, but was 
attracted to the industrial field, and soon associated himself 
with his uncle in the general forwarding business of the port 
of Charlotte and the Hew York Central railroad, while they 
conducted at the same time a dry-goods and grocery house. 
After two years’ residence in Rochester he moved to Syracuse 
ill 1869 and became agent for the Delaware, Lackawanna and 
Western Railroad Co. for the sale of its coal in Syracuse and 
the territory east and west on the canal and railroads, a posi- 
tion which he held until his death, and for a number of years 
he was vice-president and general manager of the Syracuse 
and Binghamton railroad. Though not a professional man he 
■was an earnest reader of scientific works, and an associate mem- 
ber of the Institute for twelve years. He was well-informed in 
astronomy, geology, mathematics, chemistry, physiology, litera- 
ture and art, and chief among the generous gifts and benefac- 
tions which he made regularly, unostentatiously and voluntarily 
to charitable, religious and educational institutions, was a fully 
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equipped observatory presented by Mm to the University of 
Syracuse in memory of Ms son, 

Alfred Ephraim Runt, born in East Douglass, Mass., March 
31, 1855, passed two years at Harvard College after graduating 
from the Roxbury High School in 1870. Declining an appoint- 
ment as cadet to West Point, he took a course at the Massa- 
chusetts Institute of Technology, where he received a degree 
from the Department of Metallurgy and Mining Engineering 
in 1876. For some time following graduation he was engaged 
with the United States Geological Survey and private corps 
making topographical and railroad surveys in the West; then 
he found employment with the Bay State Iron Works in South 
Boston, where the second open-hearth steel furnace in America 
was erected. At the suggestion of the manager of the firm he 
was sent to Michigan to explore for iron-ore, and upon the 
analysis of his specimens was written the report of the Michi- 
gamme mines, the first and finest strikes in the wonderful iron- 
fields of northern Michigan and Wisconsin. Prom 1877 to 
1879 he was manager and chemist at the Nashua, N. H., open- 
hearth steel works. Then he went to Pittsburgh as superinten- 
dent and chemist with Park Bros. & Co., Limited, but resigned 
in 1882, and with George H. Clapp, of that company, formed 
the firm of Hunt & Clapp. They became the chemists of the 
Pittsburgh Testing Laboratory which had been established a 
short time previous hy William Kent and W. F. Timmerman, 
for the physical and chemical testing of materials and the 
inspection of iron and steel structures; and in 1886 they 
bought out the original owners and became the sole propri- 
etors. This firm has inspected the greater number of the 
important metal structures erected during the last fifteen years, 
including Mississippi and Missouri river bridges, and the Hud- 
son river bridge at Poughkeepsie. At the end of ten years the 
business had grown to such proportions that a stock company 
was formed and purchased it of Hunt & Clapp for $75,000. 
The manufacture of aluminum was the fourth important enter- 
prise in which Capt. Hunt was interested. In 1888 he organized 
the Pittsburgh Reduction Co. to manufacture aluminum under 
the patents of Charles M. Hall, and thenceforth most of his 
attention was given to this industry. The admirable design 
and structure of the new works at Niagara Palls, the steady 
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reduction in the cost of manufacture, the growth of the industry 
and the 'nudespread use of the metal, all bear witness to his 
energy, judgment, skill and enterprise. Oapt. Hunt derived 
his title from a twelve years’ command of Battery B, National 
G-uard of Pennsylvania. It was mustered into the United States 
service during the war with Spain, and went upon the expedi- 
tion to Puerto Eico, where he contracted the fever which 
eventually caused his death in Philadelphia, April 26, 1899. 
Capt. Hunt gained high reputation as an authority on engi- 
neering, metallurgy and chemical analysis, and was frequently 
summoned to the courts to give expert testimony. Scientific 
and engineering societies in this country and Great Britain 
have recognized his services hy conferring npon him official 
positions in their respective organizations. He received the 
Uorman gold medal from the American Society of Civil Engi- 
neers, of which he was a member, for the best paper on engi- 
neering at the famous Chicago competition in 1894. He was 
a member of the Institute since 1879, and also of the following 
societies; American Association for the Advancement of Science, 
American Society of Civil Engineers, American Society of Me- 
chanical Engineers, American Chemical Society, the Iron and 
Steel Institute, and the Institute of Engineers of Great Britain, 
He was the author of many valuable papers on scientific sub- 
jects, and contributed the following to the Transactions of the 
Institute: Soft Steel for Boiler-Plates” {Trans., xiv., 826); 
“ Some lilotes and Tests of an Open-Hearth Steel Charge made 
for Boiler-Plates” (Trans., xii., 311); “The Colorimetric De- 
termination of Carbon in Steels” (Trans., xii., 303); “The 
Estimation of Manganese in Iron and Steel by the Color- 
Method” (Trans., xv,, 104); “A Hote npon a Modification of 
the Refining Process used by the Carbon Iron Company” 
(Tr'ans., xvii., 678); “Some Recent Improvements in Open- 
Hearth Steel Practice” (2>a?i5., xvi., 693); “The Tests and 
Requirements of Structural Wrought-Iron and Steel” (Trans., 
XX., 677); (in collaboration with George H. Clapp) “The In- 
spection of Materials of Construction in the United States ” 
(Trans., xix., 911), and “The Impurities of Water ” (Trans., 
xvii., 338); (in collaboration with John W. Langley and 
Charles M. Hall) “ The Properties of Aluminum, vdth Some 
Information Relating to the Metal” (Trans., xviii., 528); 
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“ BiograpMcal l^otice of Joseph D. Weeks” {Trans., xxvii., 
231) ; and frequently took part in the discussions of other 
papers. 

Riram Kimhall was born at Randolph, Yt., in 1845. He 
eTinced a taste for mechanics at an early age, and, after a 
technical education in Philadelphia, was employed as engineer 
by A. L. Holley in developing the Bessemer process of steel- 
making in this country. He was also engaged at one time at 
the Edgar Thomson steel works. Eor aid in business affairs 
he took a partial course of law at the Columbia Law School, 
Hew York City, and was admitted to the Michigan bar in 
1880. He was the inventor of a number of important devices 
which brought him a large fortune; among which may be 
mentioned a rail-joint and a pressed, wrought-iron turn-buckle, 
which was manufactured under his patents and supervision by 
the Cleveland City Eorge and Iron Co., Cleveland, Ohio. He 
formed also the Chapman Jack Screw Co., of which he was 
president, and the Butler Draw-Bar Attachment Co., both 
of which were affiliated with the above-mentioned company. 
Mr. Kimball was also a member of the Chamber of Com- 
merce, largely interested in the city street railway companies 
and other local enterprises; was a prominent Mason and 
Knight Templar, and held membership in the American So- 
ciety of Civil Engineers and the Institute (1882). He died in 
Cleveland, Ohio, March 9, 1899, of Bright’s disease. 

Hassell Farham Lord was horn at Honesdale, Pa., October 
1, 1887, and educated at the Sheffield Scientific School of Yale 
TJniversity. For a number of years he served the Delaware and 
Hudson Canal Co. as paymaster and chief engineer under his 
father, and then succeeded him as general manager. He was 
commissioned Brigadier-G-eneral of Volunteers by the Governor 
of Pennsylvania, served throughout the Civil War, and at its 
close went to Colorado, where he was engaged in mining and’ 
the practical study of mines, changing this, three years later, for 
the coal business. In 1871 he was sent to California by English 
capitalists to examine coal and farm lands, and until 1878 was 
chief engineer and general superintendent of the Brentwood 
Coal Oo., the “ Bancho de los Meganos ” and other lands in 
the San Joaquin valley. During the development of these 
lands he defined the series of coal, afterwards named by Olar- 
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ence King, of U. S. G-eologieal Survey, “ the Lord series.’’ 
Owing to litigation and to the failure of the company in Lon- 
don, the coal was not put on the market. From 1879 to 1885 
he was employed as mine superintendent in various parts of 
Colorado. In the scoring of 1886, while visiting his sons in 
Guatemala, Central America, he was called to Salvador to ap- 
praise a railroad and its appurtenances, and adjust a settlement 
between British bondholders, contractor and the new govern- 
ment. The adjustment was satisfactorily made, and Mr. Lord 
was appointed chief engineer to the government, a position 
which he resigned in 1889. For a year thereafter he was 
superintendent of construction of public buildings in the 
Quartermaster’s Department, U. S. Army, engaged principally 
on work at Fort Wadsworth, Fort Hamilton and Governor’s 
Island. In 1892 he was sent to Ecuador to develop the mining 
property of the Playa de Oro Mining Co. He returned five 
years later, owing to failing health. At the time of his death, 
which occurred July 12, 1899, he was planning to sail for 
Ecuador to examine, as consulting engineer, the work done in 
his absence. 

Nicolas E. Manzavino, a native of the island of Cephalonia, 
was born in Smyrna, February 25, 1856, and died at the age of 
39, on August 29, 1895. Left fatherless at an early age, he 
was educated under the kind influence of his tutor, Denis Mar- 
copulo, of Smyrna. Graduating with honorable mention in 
mathematics from the Evangelical school of Smyrna in 1873, 
and after some preparatory studies in Athens, he entered the 
School of Mines in Freiberg, Saxony, in 1874, and spent five 
years studying mining and metallurgy, receiving his diploma 
as Mining Engineer in 1879. Upon his return to Athens, he 
entered the service of Mr. Serpieri, who employed him partly 
at Laurium and partly in the adjacent islands, where he owned 
mines. The following two or three years were passed in the 
service of the “ Society of the Mines of Laurium,” which gave 
him general direction over the work of the mines of Balia- 
karaidin in Mysia, Asia Minor. These were the famous mines 
mentioned by Strabo. He worked these mines until his death, 
and by his administration became known as a man of talent 
and great capacity. He -was obliged to contend, in this un- 
civilized corner of Turkey, with men ignorant of duty and dis- 
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cipline, and he had about a thousand under his orders ; with 
the infinite claims of subaltern employes of the government, 
men of an insatiable appetite, whose duty lay in putting on the 
pressure to extort money ; with the difiiculties created by the 
absolute prohibition of the importation of dynamite, in place 
of which the government forced him to buy powder of an in- 
ferior quality at exorbitant and onerous prices. He was obliged 
to contend, also, and most serious of all, against the constant 
decline in the price of the metals taken from the mines of 
which he had charge. Considering all these difiiculties, it is 
clear that only a man of force as savant and manager could 
continue to develop the mines without stopping the work, ex- 
cept provisionally. Unfortunately he was not permitted to live 
long enough to see his work prosper by the impetus and good 
organization which he had given to his undertakings. His 
death caused great sorrow among his rough workmen, and 
among all those in general who were under his orders ; for he 
had managed to make himself loved like a father. By impos- 
ing an iron discipline he always showed himself just and good 
in his severity. His superiors reposed inalterable esteem and 
confidence in him. In June, 1895, about two months before 
his death, he was made corresponding member of the State In- 
stitute of Geology of Vienna, for services rendered to that body 
in enlarging their collection of fossils. He was a life member 
of the American Institute of Mining Engineers since 1890. 

William B. Middleton was born in Philadelphia, September 
17, 1849, and began his professional career with the Phoenix 
Iron Co., of Phcenixville, Pa. He was subsequently connected 
with the Edge Moor Iron Works, of Edge Moor, near Wil- 
mington, Del. ; the Penn Iron Co., of Lancaster, Pa. ; the 
Pennsylvania Bolt and Hut Co., of Lebanon, Pa., of which he 
became president, and the Allison Manufacturing Co., of Phila- 
delphia. In the summer of 1896 he was made general manager 
of the Taylor Iron and Steel Co., High Bridge, H. J., a position 
which he held at the time of his death, March 8^ 1899. 

Frederic Plumb Miles was born in Goshen, Conn., June 8, 
1854, educated at the SheflGield Scientific School of Yale Uni- 
versity, where he graduated in 1876. His delicate health forced 
him to abandon his intention of taking a special course of study 
in chemistry abroad, so he joined his father and brother in the 
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iron business at the Copake Iron Works, Copake, H. Y. In 
1881 he moved to Lakeville, Conn,, where lie resided until liis 
death, February 19, 1897. 

Wolcott Ely Newberry, son of the late Professor John S, 
Yewberry, of Columbia College, Yew York City, was born in 
Cleveland, Ohio, September 26, 1862, and graduated in 1881 
at Columbia College School of Mines. He showed marked 
ability in his profession, for he was at once put in charge of a 
smelter in Arizona under the Casa Grande Copper Mining Co., 
and a couple of years afterwards became suxierintendent of the 
Canama Mining Co., Sonora, Mexico. Between 1887 and 189S 
he was most active in the mining industry of Colorado and 
Utah, acting as manager of the following companies : In Aspen, 
Colo., from 1886-1890, Enterprise Mining Co.; 1887, Aspen 
Mining and Smelting Co. ; 1887-1890, Argentum Mining Co. t 
1889-1892, Bimetallic Mining Co. and Aspen Contact Mining 
Co. ; in Mercur, Utah, 1892-1893, Yiking Gold Mining Co. ; 
in Cripple Creek, Colo., 1892-1893, Isabella Gold Mining Co. 
and Zenobia Gold Mining Co. His arduous labors caused a 
nervous breakdown which forced him to give up work for the 
time, and seek rest and strength in California in the winter of 
1893-1894. The famous Cripple Creek strike occurred during 
his absence, and at the time of the riot a splendid tribute was 
paid him by the miners. “If the ‘Colonel’ (his sobriquet 
among the men) had only been here, we never would have 
struck I” In 1896 he became manager of the South American 
Development Co., Zaruma, Ecuador, a position which he was 
filling when his sudden and untimely death at Newport, R. I., 
June 12, 1898, cut short a promising career. Mr. Yewberry 
became a member of the Institute in 1885, and contributed 
“ Yotes on the Geology of the Aspen Mining District ” {Trans., 
xviii., 273). 

Samuel Peters was born in England in 1847, and came to 
America in 1870. For a number of years he was chemist for 
the Bay State Iron Works, in Boston, Mass., and later chief 
chemist for the Burden Iron Works, Troy, Y. Y. After a few 
months in business as chemist in Yashua, Y. H., he accepted 
the position of superintendent of the Portland Rolling Mills, of 
Portland, Maine. He retained this position from 1882 until 
the spring of 1898, when he became connected with the Pitts- 
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burgli Eediictioii Co., leaving their employ after a ^^ear and a 
half to accept tlie poBition of constracting engineer with J ones 
& Laughlins, of Pittsburgh, Pa. He had been in their employ 
only four days, and was taking measurements when he fell 
from a trestle and sustained a fracture of the skull, from which 
he died September 28, 1899. 

John Henry Swoyer was born in Pennsylvania in 1872, and 
resided in Scranton until the death of his father in 1887, when 
he went to Germany, and eventually graduated as mining en- 
gineer from the School of Mines at Freiberg, Saxony. Upon 
his return he went to Mexico, where he was engaged in profes- 
sional work at the time of his death, Augnst 12, 1899. 

William Newton Symington was horn at Washington Ar- 
senal, D. C., June 10, 1841, and received his professional edu- 
cation at Lafayette College, Easton, Pa. ; Rensselaer Polytech- 
nic Institute, Troy, H. Y., and afterwards studied at Gottingen 
and Freiberg, Germany, and the Eeole des Mines, Paris. Dur- 
ing the Civil War he enlisted in the Confederate Army, was 
captured, imprisoned in Fort Lafayette, H. Y., and Fort War- 
ren, Mass., exchanged, and again entered the Confederate ser- 
vice in the Nitre and Mining Bureau. He was afterwards 
steadily employed as mining engineer and metallurgist ; for a 
long time with the Atlantic White Lead Co., then with the 
National Lead Co. until 1891. Then he retired to his farm in 
North Carolina, engaging only in consulting practice until his 
death, December 24, 1899. He w'^as one of the pioneers in the 
development of American metallurgical industries, and one of 
the early members of the Institute, which he joined in 1878. 

William T. Thompson was horn in Boston, April 6, 1857, 
and was educated at the Massachusetts Institute of Technology. 
After graduation he spent several years studying practical min- 
ing in northern Mexico and Arizona. He proceeded through 
California to British Columbia, and in 1880 was employed 
under Andrew Onderdonk in the construction of the Canadian 
Pacific railw^ay along Fraser and Thompson rivers. In 1885, 
at the outbreak of the placer excitement, he went to Granite 
Creek, and engaged in placer work and mercantile pursuits. 
He was manager of the Tulameen Hydraulic Co.’s operations 
on the Tulameen river from 1891 to 1892, vEen he went to 
Fairview, B. C., and was for some time connected with the 
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Strathejre Mining Co. From 1895 until the time of his death, 
June 16, 1899, he turned his attention exclusiYely to quartz 
mining in the Boundary creek and Kettle river portion ot 
Southern Yale, where his great activity and remarkable vitality 
enabled him to gain a valuable detailed knowledge of a large 
area. That portion of southern British Columbia owes much 
of its present prosperity to Mr. Thompson’s efforts towards the 
introduction of capital. 

John JR. Wagner was born at Bethlehem, Pa., in 1860. His 
early educational advantages were limited, but after serving an 
apprenticeship in a machine shop he entered Lehigh TJniver- 
sity, where, by dint of pluck and determination, he graduated 
with honors as a mechanical engineer in 1885. He became 
secretary and confidential assistant to the late Eckley B. Coxe, 
and was put in charge of the fine private library and experi- 
mental physical-chemical and mechanical testing laboratory. 
In 1895 he became superintendent of motive power of the 
Delaware, Susquehanna and Schuylkill railroad, and in 1898 
was made superintendent of the Coxe Manufacturing Co. and 
machinery department. He was principal of the Mining and 
Mechanical Institute of Freeland, and much of the success of 
this creditable institution was due to his management. His ex- 
perience gained in the testing laboratory of Mr. Coxe fitted 
him as an expert in experimental work upon fuels and the pre- 
paration of coal. He died at Drifton, Pa., January 21, 1899. 

W. Dewees Wood, the grandson of James Wood who founded 
the Schuylkill Iron Works at Conshocken, Pa., was born at 
Philadelphia in 1826. As a young man, and with only a com- 
mon school education, he managed one of his father’s sheet-iron 
mills. He established in 1851 with his father-in-law, Richard 
B. G-ilpin, the original plant of the McKeesport Iron Works at 
McKeesport, Pa., for the manufacture of planished sheet-iron 
by a process patented by Mr. Wood. In 1862 he formed the 
partnership of Wood & Lukens, and manufactured American- 
Russia and black sheets. In 1878 the firm of W. D. Wood & 
Co., Limited, was formed, and in 1888 incorporated under the 
name of W. Dewees Wood Co., with Mr. Wood as president. 
The small plant built in 1851 has become one of the largest in 
the Monongahela valley. Mr. Wood also owned the Wells- 
ville Plate and Sheet-Iron Co. of Wellsville, Ohio, and was in- 
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terestecl in glass and gas enterprises, selling out the McKees- 
port illuminating gas works in 1897 to the Ilnited Gas and 
Coke Co. His death occurred at Pittsburgh, January 2, 1899. 


The Scrutineers reported that the followdng officers had been 
elected ; 



PRESIDENT. 


James Douglas, . 

VICE-PRESIDENTS. 

New York City. 

David T. Day, 

J. B. Eandol, 

C. Ealstox, 

(To serve two years. ) 

Washington, D. C. 
New York City. 
San Francisco, Cal 


MANAGERS. 


D. H. Bacon, • 

E. V. D’Ixvilliees, 
William Kent, . 

(To serve three years.) 

Soudan, Minn. 
Philadelphia, Pa. 
Passaic, N. J. 


TREASURER. 


Theodoee D. Band, 

SEGRETABF. 

Philadelphia, Pa. 

Rossitee W. Raymond, .... 

New York City. 


After the passage of a resolution instructing the Secretary to 
acknowledge by suitable official letters the courtesies shown to 
the Institute by individuals, firms, corporations and government 
departments, not forgetting the efficient and highly successful 
labors of the Local Committee, the meeting was adjourned. 

Papers Presented in Printed Form and not Included 
Above. 

Gold-Ores of the Black Hills, South Dakota, by H. M, Chance, 
Philadelphia, Pa. 

A Hew Method for Working Deep Coal-Beds, by H. M. 
Chance, Philadelphia, Pa. 

A Device for Sampling Pig-Iron, by Porter W. Shinier, 
Easton, Pa. 

A Peculiar Siliceous Efflorescence upon Pig-Iron, by B. F. 
Fackenthal, Jr., Eiegelsville, Pa. 
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IsTote on the Plate-Amalgamation of Gold and Silver, by E. 
A. H. Tays, Sinaloa, Mexico. 

Papers Presented in Manuscript, or Read by Title, for 
Subsequent Publication and Discussion, 
Biographical Rotice of Thomas Egleston, Ph.D,, LL.D., by 
George F. Knnz, liJTew York City. 

Metasomatic Processes in Fissure-Yeins, by Waldemar Lind- 
gren, ’Washington, D. C. 

A Peculiar Clastic Dike near Ouray, Colorado, and its Asso- 
ciated Deposit of Silver-Ore, by F. L. Ransome, Washington, 

D. C. 

The Occurrence of Platinum in the Diiited States, by Dr. 
David T. Day, Washington, D. C. 

ISTotes on the Gold-Mines of Zaruma, Ecuador, by J. R. Finlay, 
Colorado Springs, Colorado. 

The Cripple Creek Volcano, by T. A. Rickard, Denver, Colo. 
The Coal-Fields Around Ts6 Chou, Shansi, China, by IST. F. 
Drake, Tientsin, China. 

An Examination of the Ores of the Republic Gold-Mine, 
Washington, by Dr. Thomas M. Chatard and Cabell Whitehead, 
Washington, D. C. 

Geological Relations of the Iron-Ores in the Cartersville 
District, Georgia, by C. Willard Hayes, Washington, D. C. 

Distribution of the World’s Production of Pig-Iron, by John 
Birkinbine, Philadelphia, Pa, 

Hydraulic Pumping-Plant on the Snake River, Idaho, for 
Power, Irrigation and the Treatment of Gold Sands, by John 
Birkinbine, Philadelphia, Pa. 

The Assay of Copper-Materials for Gold and Silver, by L. D. 
Godshall, Spokane, Wash. 

Further Notes on the Bertrand-Thiel Process, by Joseph 
Hartshorne, Stowe, Pa. 

The Progress of Mineralogy in 1899, by S. Harbert Hamil- 
ton and James R. Withrow, Philadelphia, Pa.* 

Further Notes on Elimination of Impurities from Copper in 
Refining and Converting, by Edward Keller, Baltimore, Md. 

Types of Copper-Deposits in the Southern United States, 
by W. H. Weed, Washington, D. 0. 


Published by tbe Institute as Bulletin II. 
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Members and Associates Elected. 

Tlie following persons 'were elected members or associates 
during tbe sessions of the meeting : 


Members. 


B. N. Bailey, 

. Philadelphia, Pa. 

Eobert Camm, 

. Ansted, W. Va. 

Eolla C. Carpenter, 

. Ithaca, N. Y. 

Charles A. Chase, 

. Telluride, Colo. 

Joseph K. Choate, Jr., 

. Fierro, Hew Mexico. 

Charles Alexander Clarke, . 

. Loope, Cal. 

George Ernest Collins, 

. Hacoochee, Ga. 

Frank Coyne, 

. New York City. 

Charles Henry Davis, . 

. New York City. 

Arthur Henry Eyles, . 

. Philadelphia, Pa. 

A. D. Foote, 

. Grass Valley, Cal. 

Edward J. Fowler, 

. Campo Seco, Cal. 

Leon Stacey Griswold, 

, Dorchester, Mass. 

Julian Green Hearne, 

. Wheeling, W. Va. 

Dana C. Irish, . 

. Mapimi, Durango, Mexico. 

Wilhur C. Knight, 

, Laramie, Wyoming. 

Waldemar Lindgren, . 

. Washington, D. C. 

Robert Linton, . 

. Belle Vernon, Pa. 

Edgar Messer, 

. London, England. 

John Forsyth Miller, . 

. Trail, B. C., Canada. 

Edward A. Paterson, . 

. Nelson, B. C., Canada. 

Otto Frederick Pattberg, . 

. Jersey City, N. J. 

Prank Emory Pearce, . 

. Pine, Oregon. 

Clarence Bardwell Peck, 

. Plainfield, N. J. 

J. H. PoweU, . 

. London, England. 

WiUiam E. Eenshaw, . 

. Idaho Springs, Colo. 

Frank W. Royer, 

. Silverton, Colo. 

Herbert Kilbum Scott, 

. Minas, Brazil. 

J. W. Shook, . 

. Birmingham, Ala. 

Henry Shriver, . 

. Mount Savage, Md. 

Lewis G. Stevenson, , 

. Pinos Altos, New Mexico. 

Lucius S. Storrs, 

. St. Paul, Minn. 

Polk Tarwater, . 

. Eockwood, Tenn, 

Frank Taunton, . 

. Pietermaritzburg, Natal, South Africa. 

Ernest A. Thies, 

. Haile Gold Mine, P. 0., S. C. 

Albert W. Tucker, 

. Gold Hill, N. C. 

Thomas F. Walsh, 

. Washington, D. C. 

Charles de Wendel, 

. Hayange, Lorraine. 

Cyril Wigmore, . 

. Los Angeles, Cal. 

Associates. 

E. V. Badwell, . 

. Victoria, B. C., Canada. 

Ludwig Seeger, . 

. New York City. 

William Murdock Wiley, . 

. Gold mu, N. C. 
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Associates made Members. 

T. B. Brooks, .... Xewburgli, IN. Y 

James Moore Elmer, . . . Baker City, Ore. 

Frank M. Zeller, . . . Pbiladelpliia, Pa 

Excursions and Entertainments. 

On ’Wednesday afternoon a large party of tlae members, with 
their guests and ladies, visited the Washington Navy Yard by 
special arrangement, and were received by Eear Admiral Mc- 
Cormick, the Commandant, and a staft‘ of officers, who con- 
ducted them through the gunshops, the model tank-house and 
repair shops, explaining the mechanism of the rapid-fire guns, 
and the operation of shriiiking-on the various jackets of the 
big pieces of ordnance. Others visited the Washington Monu- 
ment, Smithsonian Institution, National Museum, and Bureau 
of Engraving and Printing. 

In the evening the Trustees of the Corcoran Art G-allery and 
the Washington Academy of Arts and Sciences tendered a 
brilliant reception to the members and guests in the new Art 
G-allery. 

On Thursday afternoon at 1.45 the entire party left by the 
steamer Macalester on a special excursion to Mt. Vernon, and 
spent a beautiful afternoon visiting the tomb and country man- 
sion of George Washington. Photographic groups were taken 
of the party on the lawn. 

On Thursday evening the new building of the Library of 
Congress was thrown open to inspection, and the guests were 
conducted through the various departments by the Librarian 
and his assistants. The corridors, reading- and delivery-rooms, 
stack-rooms and basement, with the complicated machinery for 
conveying books Aom stack to delivery-desk, and by under- 
ground conduit to the Capitol building, a quarter of a mile 
distant, were visited and explained. 

On Friday afternoon at 1 o’clock the members and guests 
were received by President McKinley at the White House ; and 
at 8 o’clock a party visited the Division of Map-printing at the 
ofiice of the Geological Survey, where they examined the pro- 
cesses of map-making, engraving, lithographic work and color- 
printing in full operation. 

D 
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On Friday evening a brilliant subscription-banquet was held 
in the banquet-hall of the Arlington Hotel, at which about one 
hundred guests were present. The walls and tables were pro- 
fusely decorated with flowers, vines and tiny electric lamps, 
while a huge American flag, formed of colored electric lights, 
adorned the wall behind the president’s seat The usual toasts 
and speeches followed. 

During the visit of the Institute the courtesies of the Cosmos 
Club were extended to the members. 

Members, Associates and G-ubsts Registered. 

The following persons were registered at headquarters : 


Taylor Allderdice. 
Charles Bailey. 
George E. Bentley. 
John Birkinbine. 

M. E. Campbell. 

J. A. Capp. 

H. S. Chamberlain. 

E. E. Chapman. 
Thomas M. Chatard. 
Albert H. Chester. 
Joseph El. Clark. 

W. A. Clark. 

Edgar S. Cook. 

W. M. Courtis. 
Thomas Clark Culver. 

N. H. Barton. 

David T. Day. 

P. 0. Dewey, Jr. 
Frederic P. Dewey. 
James Douglas. 
Charles B. Dudley. 
Uriah Dudley, 

W. W. Duffield. 
Theodore Dwight, 

S. F. Emmons. 

W. E. C. Eustis. 
Thomas M, Ernon. 

B. F. Fackenthal, Jr. 
John Fritz. 

H. D. Gamble. 

William Glenn. 

Arnold Hague. 

C, Willard Hayes. 

G. C. Hewett. 

Henry D. Hibbard. 

C. T. Holbrook 

J. A, Holmes. 


Austin S. Horn. 

H. M Howe. 

Eobert W. Hunt. 

J. P. Jackson. 

Alfred E. Jessup. 

J. E. Johnson. 
Clemens C. Jones. 
Horatio C. King. 

G. F. Knapp. 

P. H. Knight. 

B. B. Lawrence. 

A. E Ledous. 
Andrew E Lee. 
Horace Lee 

I. P. Lihme. 

W. Lindgren. 
Jawood Lukens. 

E, M. Moll vain. 
Charles A. Matcham. 
W. F. Mattes. 

S. P. Morris. 

Charles E. Munroe. 

H. B. C. Nitze. 
George Ormrod. 
Logan W. Page. 

W. N. Page. 

Park Painter. 

E. W. Parker. 

John S. Peehin. 

H. C. Perkins. 
William B. Phillips. 
Josiah Pierce, Jr. 

A. E Piorkowski, 

D. O. Puringtou. 
Theodore D. Eand. 

J. D. Eaadol. 

Alfred Eaymond. 
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E W. Eaymond. 

1 F. McM. Stanton. 

Arnold K. Reese. 

j J. R Stanton. 

Robert E. Richards, 

j George Steiger. 

Thomas M Righter. 

1 H. H. Stoek. 

Thomas Robins, Jr. 

J. F. Tarwater. 

C. S. Robinson 

j A. Thies. 

T. W. Robinson. 

j H. G Torrey. 

W. S. Russel. 

j David Townsend. 

F. Z. Scbellenberg. 

1 E. D. Treadwell. 

H. J. Seaman, 

1 H, W. Turner. 

Horace See. 

j Charles D. Walcott. 

A. W. Sbeafer 

Walter H. Weed. 

Clement G Smith. 

1 Cabell Whitehead. 

J. Bennett Smith. 

j W. H. Wiley. 

Oberlin Smith. 

' John Wilkes. 

T. Guilford Smith. 

1 William Wilkins. 

J. C. Smock. 

j Oliver Williams. 

George E. Somers. 

1 Bailey Willis. 

E. G Spilsbury. 

1 Frank M. Zeller. 


To this total of 112 should be added the number of ladies 
accompanying members, which "will increase the number to 
180. But on this occasion, no doubt, as at previous meetings, 
many members and guests, not staying at the Arlington Hotel, 
failed to register their names. 


Proceedings of the Seventy-Ninth Meeting, Canada, Nova 
Scotia and Newfoundland, August, 1900- 

Gemral Committee. — James F. Lewis, Sherbroote, Que., Chairman: Eugene 
Coste, Toronto, Ont. ; A. Marshall Hay, Eat Portage, Ont. ; C. H. Oarriere, 
Quebec, Que. ; Hiram Donldn, Sydney, C. B. ; W. L. Libbey, North Brookfield, 
N. S. ; Henry S. Poole, Stellarton, N. k ; Charles Fergie, Westville, N. S. ; A. 
G. McNulty, Waverly, N. S. 

General Seeretarij. — B. T. A. Bell, Ottawa, Ont. 

Headquarters. — Eosslyn Eink, Sydney, C B. ; Halifax Hotel, Halifax, N. S. 

The first session, a joint meeting with the Canadian Mining 
Institute and the Mining Society of Nova Scotia, was held in 
the Eosslyn Rink, Sydney, Cape Breton, on Tuesday, August 
21, 1900, at 8 P.M. 

Ill the absence of President Fowler, of the Canadian Mining 
Institute, Mr. Charles Fergie, Seuior Vice-President, called the 
meeting to order and introduced Mr. Crowe, Mayor of Sydney, 
who welcomed the visitors to that town. 
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Mr. W. L. Libbey, President of the Mining Society of hTova 
Scotia, also made a short address of welcome on behalf of that 
society. President Douglas responded for the Institute to these 
addresses, and, upon his request, Dr. Eaymond, Secretary of 
the American Institute of Mining Engineers, and Mr. B. T. A. 
Bell, Secretary of the Canadian Mining Institute, made further 
remarks. 

Mr, John S. McLennan, of Sydney, gave a brief account of 
early coal-mining in Cape Breton; and Mr. Charles S. Hinchman, 
of Philadelphia, voiced the American ojiinion on the remark- 
able steel-plant visited that day. Informal discussion followed, 
in which many participated. 

The second session was held at the Halifax Hotel, Halifax, 
Hova Scotia, on Monday, August 27, at 10 a.m. 

The Secretary presented brief summaries of the following 
papers : 

Deep-Level Shafts on the Witwatersrand, with Remarks on 
a Method of Working the Greatest Humber of Deep-Level 
Mines with the Fewest Possible Shafts, by Thomas H. Leggett, 
Johannesburg, South Africa. 

Hotes on the Compressed-Air Haulage-Plant at Ho. 6 Col- 
liery of the Susquehanna Coal Company, Glen Lyon, Pennsyl- 
vania, by J. H. Bowden, Wilkesbarre, Pa. 

The Testing of Winding-Ropes in the Province of Anhalt, 
Germany, by Frank H. Probert, London, England. 

Informal discussion of these papers followed. 

Mr, George W. Stuart, of Truro, H. S., gave an account of 
gold-mining in Hova Scotia.* 

The following papers were presented in printed form : 

Signal-Device for Mines, by Charles S. Herzig, Yirginia, 
Minn. 

The Oil-Bearing Shales of the Coast of Brazil, by Prof. J. C. 
Branner, Stanford University, Cal. 

The Properties of Brass Made from Copper Containing Sub- 


* Not published in these Transactions, Mr. Stuart having prepared it as an 
article for the N. Y. Eng. and Min. Jour., in which it subsequently appeared, 
Sept. 16, 1900. 
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Oxide, witli Observations of the Effect of Oxj-^geii on Copper, 
by Ervdn S. Sperry, Bridgeport, Conn. 

Tbe Colorimetric Assay of Copper, by J. B. Audley Smith, 
Clifton, Ariz. 

The Protection of Blast-Furnace Linings, by S. S. Ilartraiift, 
Buffalo, Pf. Y. 

Coal-Outcrops, by Charles Catlett, Staunton, Ya. 

The following papers were read by title : 

A Mining Survey, by J. F. Wilkinson, San Francisco, Cal. 

The Explosion at the Eed-Ash Colliery, Fayette County, 
West Yirginia, by William K Page, Ansted, W. Ya. 

An Occurrence of Limburgite in the Cripple Creek District, 
by E. A. Stevens, Yictor, Colo. 

The Iron-Mines of Hartville, Wyoming, by Dr. H. M. 
Chance, Philadelphia, Pa. 

The Indicator Yein, Ballarat, Australia, by T. A. Eickard, 
Denver, Colo. 

The Telluride-Ores of Cripple Creek and Kalgoorlie, by T. 
A. Eickard, Denver, Colo. 

A Method for Obtaining the Volume of Small Drifts and 
Working-Places, by Charles S. Herzig, Yirginia, Minn. 

The Influence of Silicon and Sulphur on the Condition of 
Carbon in Cast-Iron, by Prof. H. M. Howe, Hew York City. 

Pyritic Smelting in the Black Hills, by Prof. Franklin E. 
Carpenter, Denver, Colo. 

The Micro-Structure and Physical Properties of Cast-Iron, as 
Affected by Heat-Treatment, Especially in the Manufacture of 
Malleable Cast-Iron, by A. T. Child, Perth Amboy, Y. J., and 
W. P. Heineken, Yew York City. 

Experiments Eegarding the Influence of Silica on the Loss 
of Silver in Scorification, by Lester Strauss, Yew York City. 

Yotes on Mine-Surveying Instruments, with Special Eefer- 
ence to Mr. Dunbar D. Scott’s Paper on their Evolution, and 
its Discussion, by Benjamin S. Lyman, Philadelphia, Pa. 

The G-eology and Yein-Phenomena of Arizona, by Theo. B. 
Comstock, Los, Angeles, Cal. 
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Members and Associates Elected. 

The following persons were elected members or associates 


Membebs. 


Cleveland Abbe, Jr., . 

. North Carolina. 

K. G. S. Anthony, 

. Coolgardie, West Australia. 

Frank Ashton, 

. Chihuahua, Mexico. 

Kalpb Baggaley, . 

. Pittsburg, Pa. 

James B. Bailey, . 

, Harrisburg, Pa. 

Hugh A. Bain, 

. New York, N. Y. 

Franklin Ballou, . 

. Leadville, Colo. 

Edwin G. Banks, . 

. Auckland, New Zealand. 

Thomas H. Barclay, . 

. Barclay, Ariz. 

Joseph F. Batchelder, . 

, Portland, Oregon. 

Wray Annin Bentley, . 

Brooklyn, N. Y. 

H. von Borbely, . 

. Salgo-Tarjan, Hungary. 

William S. Bostwick, . 

. Jersey City, N. J. 

George K. Bretherton, 

. Clarkville, New Mexico. 

Samuel H. Brockunier, 

. Wheeling, W. Va. 

Alfred H. Brooks, 

. Washington, D C. 

Frederick C Brown, . 

. Komata, Auckland, New Zealand. 

W. B. Budrow, - 

. Aguas Calientes, Mexico. 

Charles E. Bunker, 

. Amador City, Cal. 

John DeWitt Burgess, . 

. Tucson, Ariz. 

Henry Burrell, 

. Great Falls, Mont. 

Alexander J. Campbell, 

. Sausalito, Cal. 

Charles M. Carhart, 

. Kingston, N. Y. 

Eobert M. Catlin, 

. Cape Town, South Africa. 

A. T. Child, 

. New York, N. Y. 

Safiord K. Colby, 

. New York, N. Y. 

John H. Collier, 

. Tesla, Cal. 

A. W. Corbus, 

. Douglas Island, Alaska. 

Charles E. Coxe, . 

. Zacualpan, Mexico. 

George G. Crawford, . 

. Braddock, Pa. 

Felix Cremer, 

. Aguas Calientes, Mexico. 

Isidor Daridov, . 

. Bairoucuilla, Colombia, South America. 

Alexander Doepel, 

. Victoria, Australia. 

William Donald, . 

. Eidgefield Park, N. J. 

Charles F. Drake, 

. Chicago, 111. 

Wilbur F. DuBois, 

. Slocan City, B. C. 

Edward B. Durham, . 

. Franklin Furnace, N. J. 

James Dyson, 

. Silrerton, Colo. 

William Preston Eyre, 

. Buena Vista, Colo. 

Alfred L Foster, . 

. Auckland, New Zealand. 

James Wilson Furness, 

. Buena Vista, Colo. 

James B. Gallagher, 

. Butte, Mont. 

Claude L. Goujot, 

. Williamson, W. Va. 

Frank B. Gaylord, 

. Deseronto, Ont., Canada. 


* This list includes only those candidates whose names were sent to members 
by mail in Circulars No. 2, April 13, 1900, and No. 3, June 12, 1900. 
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Leonidas C. Glenn, 

Columbia, S. C. 

John Gordon, 

Rio de Janeiro, Brazil. 

J. Norton Griffiths, 

London, England. 

William T. Griswold, . 

Washington, D. C. 

William Hagemann, . 

Sierra Mojada, Mexico. 

Edward A. Haggen, 

Golden, B. C. 

Dr. Willett L. Hardin, 

Lima, 0. 

Lawrence Bartlett Harrison, 

Eulalia, Mexico. 

R. G. Hart, . 

Berkeley, Cal. 

Christopher Henne, 

Los Angeles, Cal. 

Walter T. Holberton, . 

Copiapo, Chile, South America. 

Clarence W. Horst, 

Cape Town, South Africa. 

Robert H. Irons, . 

Harrisburg, Pa. 

Elbridge C. Jacobs, 

Burlington, Vt. 

Royal P Jarvis, . 

Leadville, Colo. 

Francis Jenkins, . 

Silver City, Idaho. 

Frederick Johnson, 

Leadville, Colo. 

Howard S. Johnson, 

Charleston, W. Va. 

Charles C. Jones, 

Marquette, Mich. 

Henry Kehoe, 

Spokane, Wash. 

Edward Kelly, 

Port Oram, N. J. 

Robert A. Kinzie, 

Parral, Chihuahua, Mexico. 

Newton B. Knox, 

Bodie, Cal. 

Edward L. Kraemer, . 

Leadville, Colo. 

James T. Laldlaw, 

Fort Steele, B. C. 

William M. Lippitt, . 

Pinos Altos, New Mexico. 

Robert A. McArthur, . 

Butte, Mont. 

Edward E. McCarthy, . 

Cambridge, Mass. 

Tamaki Makita, . 

Chikugo, Japan. 

A. A. Martin, 

Berlin, Germany. 

Emil Melzer, 

Bourne, Oregon. 

Robert S. Mercur, 

Centralia, Pa. 

Roscoe B. Morton, 

Idaho Springs, Colo. 

Charles Nack, 

Bahia, Brazil. 

Askin Nicholas, . 

Peak Hill, North Murchison, West Australia. 

H. Z. Osborne, 

Los Angeles, Cal. 

R. A. Perez, 

Los Angeles, Cal. 

Bert Peterson, 

Torres, Sonora, Mexico. 

W. T. M. Pritchard, . 

Marrikuppam, India. 

Dellwyn V. Purington, 

Chicago, 111. 

George E. Revell, 

. Peterhoro, Ont., Canada. 

John Ainsworth Rice, . 

. Bland, New Mexico. 

Philip W. K. Robertson, 

Mexico City, Mexico. 

Gilbert J. Eoote, 

. San Francisco, Cal. 

Hugh Rose, . 

. Berkeley, Cal. 

Murray Russell, . 

. Otago, New Zealand. 

Forest Rutherford, 

. Aguas Calientes, Mexico. 

Augustin Sahlherg, 

. El Oro, Mexico. 

Harmer C. Sandifer, . 

. Guanajuato, Mexico. 

Walter G. Scott, . 

. Racine, Wis. 

Dennis Searles, . 

. Searles P. O., Cal. 
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Eaymond See, 

Paris, Prance. 

Prentiss Selby, 

Selby, Cal. 

William Selkirk, . 

Kesw'ick, Cal. 

Joseph H. Shockley, . 

Telluride, Colo. 

Henry B. Simpson, 

Kansas City, Mo, 

Alfred M. Smith, 

Ballarat, Victoria, Australia. 

Arthur J. Stewart, 

Parral, Mexico. 

Lester Strauss, 

Hew York, N. Y. 

William J. Sutton, 

Victoria, B. C. 

0. E. Symmes, 

Grantville, Ga. 

Eohert Melvin Tarleton, 

Baltimore, Md. 

C. H. Thompson, 

Spokane, W'aah. 

William Thompson, 

Eossland, B. C. 

Ahel H. ToU, . 

Bland, Hew Mexico. 

Lincoln A. Treat, 

Youngstown, 0- 

Samuel E. Trengrove, . 

MuUan, Idaho, 

John K. Turner, . 

Riaconada, Hew Mexico. 

Charles E. Van Hise, . 

Madison, Wis. 

Charles Stewart Watson, 

Menzies, West Australia. 

Eohert W. Watson, 

Silverton, Colo. 

George Weir, 

Broken Hill, Hew South Wales. 

Haarlem E. West, 

Libby, Mont. 

F. W'. C. Whyte, 

Belt, Mont. 

Arthur Wilkinson, 

Johannesburg, South African Eepublic. 

Eugene B. Willard, Jr., 

Hanging Rock, 0. 

Eichard Wilson, . 

Wallace, Idaho. 

William 0. Wood, 

Benwood, W. Va. 

Allen Harvey Woodward, 

Woodward, Ala. 

Cary Wright, 

Santa Fe, New Mexico. 

Sidney B. Wright, 

Deloro, Ont, Canada. 

A. F. Wuensch, . 

Denver, Colo. 

Allen M. Yonge, . 

Havilah, Cal. 


Associates made Members. 

H. T. Poindexter, . . Butte, Mont. 

William C. Wallace, . . San Francisco, Cal. 

The following list of names registered during the meeting 
is necessarily incomplete, by reason of the peripatetic character 
of the meeting, and the consequent lack of p>ermaneut head- 
quarters : 


Members, Associates and Guests Registered. 


Charles Archibald. 
G. F. Baer. 

B. T. A. Bell. 

W. T. Bonner. 

J. Stevenson Brown. 
G. L. Burritt. 


j P, X Campbell, 

i X A. Capp. 

j C. H. Carriere. 

j James Carruthers. 

J E. E. Chambers, 

i J. B. CuUum. 
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Hiram Doukin. 

A. McNeill. 

J. W. Douglierty, 

M. McNeill 

James Douglas. 

W. G Matheson. 

T. M Drown. 

C A. Meissner. 

E. T. Dumlile. 

W. Cr. Miller. 

Tbeo. Dwight. 

M. Morrow. 

J. P. Edwards. 

A E Noble. 

W. S. Edwards. 

S. M. Pitman. 

Charles Fergie. 

Henry S. Poole. 

G-raham. Fraser. 

C. H Porfcei . 

E Gilpin, Jr 

J. Bonsall Porter 

W. L G-oodwin. 

Theo. D. Eand. 

Harvey Graham. 

1 E. W. Raymond. 

W. L. Graoiraar. 

1 R B Ross. 

T. E. Gue. 

1 H. J Seaman. 

C S. Hill. 

1 Horace See, 

0. S. Hinehman. 

1 D. M. Sexton. 

Walter Hiochmau. 

j A. W, Sheafer. 

Levi Holbrook. 

1 John M. Sherrerd. 

E. T. Hopper. 

J.W Shook. 

F. M. Huntress 

George K. Smith. 

Geoi ge lies. 

T. Guilford Smith. 

E. P. Jeanings. | 

C. C. Starr. 

0. H Jouet. 

George W. Stuart. 

W. L Kami. ' 

W. D. Taunton. 

W. Kelly. ' 

C. H. Tompkins. 

Wm. Koehler. 

F. Valentine. 

George E. Ladd. 

M D. Valentine. 

R. G. Leekie 

C. H. Wellman. 

James F. Lewis 

A. H. Wethey. 

W. L Libbey 

E. L. Wiles. 

W. F. McCurdy. 

J F. Wilcox. 

George F. McKay. 

Walter Wood. 

J. S McLennan. 

W. I. Wrightson. 


Excursions and Entertainments. 

The Coimcil having accepted the cordial invitation of the 
Canadian Mining Institute and the Mining Society of hTova 
Scotia to hold the summer meeting in joint session with them, 
and visit the principal metallurgical and mining centers of 
liTova Scotia and Kewfoundland, a special train of Pullman 
sleepers, with dining-car, haggage-car, etc., was engaged to 
make the trip through Canada and hlova Scotia, beginning and 
ending at Quebec, for the accommodation of members and 
guests of this Institute. A small party of 85 left Hew York 
for Quebec in two special cars, which were afterwards attached 
to the excursion-train at Levis. The Institute gratefully ac- 
knowledges the courtesies of the American and Canadian rail- 
roads ; the cordial hospitality, unbounded liberality and un- 
w'earied assiduity of its hosts, the two societies above named ; 
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and the friendly interest shown in this meeting by the govern- 
ment of the Dominion of Canada, and the provincial govern- 
ments of Quebec and ISTova Scotia. 

The iiumerons excursions and entertainments were arranged 
by the General Committee, under the able direction of its chair- 
man, Mr. J ames F. Lewis, of Sherbrooke, and its secretary, Mr. 

B. T. A. Bell, of Ottawa, effectively aided by Mr. W. L. Libbey, 
President, and Mr. H. M. Wylde, Secretary, of the Mining 
Society of Nova Scotia. An attractive souvenir programme 
of more than 100 images, containing, besides the schedule of 
excursions, much valuable information on the mineral resources 
and the mining industry of Nova Scotia, with a profusion of 
beautiful illustrations, had been compiled by this committee, 
and w’'as presented to all the members and guests. 

Sherbrooke, Quebec. 

On Friday, August 17th, at 4.15 p.m., the New York party 
already mentioned left for Quebec on the New York, New 
Haven and Hartford, Boston and Maine, and Quebec Central 
railways, and reached Sherbrooke early the next morning, when 
they were joined by a number of members of the Canadian Min- 
ing Institute. A committee of citizens,* headed by Mr. James F. 
Lewis, President of the Canadian Rand Drill Go., escorted them 
to the Magog House, where breakfast was served and a formal 
welcome was extended by representatives of the Mayor, City 
Council, Board of Trade and Citizens’ Committee. The party 
then visited the mills of the Dominion Carpet Co., Victoria Park, 
the shops of the J enckes Machine Co., the Sherbrooke electric 
light station, the Paton woolen mills, and fiually the shops of 
the Canadian Rand Drill Co., where the manipulation, by com- 
pressed-air, of porrer-hammers, traveling-cranes and air-hoists 
in the manufacture and test of compressed-air drills was ex- 
hibited and explained. Luncheon was served in the new pat- 
tern-shop of the Company; and, after some informal speech- 
making, the party, augmented by many Sherbrooke friends, 
resumed its journey to Thetford on a special train, furnished 

* Sherbrooke BecepHon Committee : Mayor L. C. Belanger, Chairman ; J. F. Lewis, 
John Blue, F. P. Buck, William Farwell, John M, Jenckes, H. D. Lawi-ence, F. 

C. Thompson, James S. Mitchell, Rufus Pope, M.P., Col. C. King, S. W. Jenckes, 
Frank Grundy, J. 0. Camirand, Gen. P. Lang ; James E. Woodward, Secretary. 



PROCEEDINGS OP THE CANADIAN MEETING. 


liii 


by the courtesy of Messrs. Frank Grundy, general manager, 
and J. H. Walsh, general passenger agent, of the Quebec Cen- 
tral raihvay. 

ThetforrJ, Quebec. 

At 5 P.M. the party reached Thetford, and was escorted at 
once to the asbestos mines by managers of the Bell’s Asbestos 
Co., Ltd., Johnston’s Co., and Eiiig Bros. Asbestos Co., and 
other members of the reception committee.* 

About 85 per cent, of the total asbestos-production of the 
world must be credited to the Quebec mines, the earliest of 
which were developed in the deposits of Thetford twenty years 
ago. After a hasty inspection of the great mining-pits and 
separating-works, the party was entertained at dinner in the 
Thetford Club, and continued its journey, reaching Quebec at 
at 11 P.M. to join the western members of the Institute and the 
Canadian contingent, which had arrived earlier in the day, and 
to receive an informal welcome at the Chateau Frontenac from 
Hon. A. Tourgeon, M.L.A., Commissioner of Colonization and 
Mines for the pro^unce, representing the provincial and city 
authorities, t 

Quebec. 

On Sunday morning the visitors took advantage of the fine 
weather and the hospitality of their entertainers to visit the 
points of interest in this picturesque historic city. Some made 
a tour of the city and citadel in special electric ears, while 
others, at their own pleasure, \dsited the fortifications, the 
Heights of Abraham, the convents and churches, the wunding 
streets and quaint houses of the lower town, or enjoyed the 
superb prospect of the St. Lawrence from the new Dufferin 
terrace. On the government steamer “ Drnid,” kindly placed 
at its disposal by the Canadian Minister of Marine and Fish- 
eries, the party was conveyed in the afternoon, under the 
friendly guidance of Commodore J. IT. Gregory, and to the 
accompaniment of festive music by the Boyal Artillery Band, 
to Sillery and the site of the proposed new bridge, “ Beauvoir,” 
the beautiful residence of the Hon. R E. Dobell, and down the 

* Thetford Reception Committee- George E. Smith, Chairman; Andrew Johnson, 
B. Bennett, Dr. James Eeed, T, H. Crabtree, Hugh Leonard, E. T. Hopper. 

t Quebec Reception Committee • Hon A. Tourgeon, Chairman ; C. H. Carriere, 
Frank Carrell. 
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St. Lawrence to Moiitmorenci Falls, Louise Basin and various 
points of scenic and historical interest, as far as the Island of 
Orleans In the evening the special train left Levis for Syd- 
ney, Cape Breton 

During the following day (Monday) the route lay through 
the beautiful Metapedia Valley, the famous salmon- and trout- 
fishing region, and along the Baie de Chaleur and the Gaspe 
peninsula Sydney was reached m the forenoon of Tuesday, 
August 21st 

Sidney, Gajie Breton 

The visitors were met upon their arrival by Mayor Crowe, 
the members of the local committee, and ofiicers of the 
Dominion Iron and Steel Co , and were conducted to the new 
steel-plant of the said company now under construction. This 
conipany, of which Henry M 'Whitney, of Boston, is president, 
contemplates not only the production of steel at Sydney, but 
also the mining of iron-ore at Belle Islei ISrewfouncllaiid, the 
quarrying of limestone at George’s Biver, Cape Breton, and the 
manufacture of coke from the coal-mines of the Dominion Coal 
Co. The new coke-plant will be similar to that of the Hew 
England Gas and Coke Co., built by Mr Whitney at Everett, 
Mass , which uses the Cape Breton coal as raw material It 
will comprise eight batteries, of 50 Otto-Hoffman by-product 
coke-ovens each, with a total capacity of 1600 tons of coke 
daily The gas will be used in the company’s open-hearth 
furnaces, while the ammonia and coal-tar will be marketed. 
The steel-plant is situated directly on Sydney harbor, and 
covers 450 acres of land. It is to include four 350-ton blast- 
furnaces, open-hearth furnaces with a daily capacity of 1400 
tons of steel, blooming-mill, machine-shop and foundry, wharfs 
and all necessary dependencies. Excepting the machine-shop- 
and blast-furnace plant, heavy concrete foundations are as yet 
the only visible signs of the mam buildings. 

After an interesting morning, the visitors were entertained 
at luncheon in a large dining-hall recently erected for the com- 
pany’s employees, where speeches were made by Mr. A J. 
Moxham, manager of the company, by the President and Sec- 

* Stjdmy Meeephon OormmUee Mayor Crowe, Chairman, Hiram Donkin, A J 
Moxham, J G- S Hudson, F G Kunber, E H. Blown, C A Meissner, A C. 
Eoss, J T Burchell 
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retary of the Institute, and others. The party then resumed 
its inspection ot the new furnace-plant and docks, visited the 
great International shipping jners of the Dominion Coal Co , 
and returned to Sydney 

111 the evening, a joint meeting was held at Eosslyii Eiiik 
under the auspices of the Canadian Mining Institute 

The morning of Wednesday, August 22d, was spent in visit- 
ing, by special tram, the extensive collieries ot the Dominion 
Coal Co This company is the owner of 160 square miles of 
coal leases, m which it is estimated that 3,000,000,000 tons of 
workable bituminous coal are available The collieries com- 
prise the Eeservc, International, Caledonia and Dominion Eo. 
1, with an aggregate monthly output of 208,000 gross tons, 
and the Dominion Eo. 2, Eo 3 and Eo 4, which are now in 
course of sinking The coal-washing jilaiit consists of twm 
Eobinson-Eamsay coal-washers, and has a capacity of 2000 tons 
of washed coal per day After luncheon and complimentary 
after-dinner speeches, in the handsomely decorated dining-room 
of Dominion Eo 4 colliery, the party made a short inspection 
of the company’s shixipmg-piers at Louisburg, which form, with 
those at Sydney, already mentioned, the two termini of the 
railway A delightful hour was afterwards spent among the 
rums of the old fort, under the guidance of Mr John S Mc- 
Clennan, who exjilamed the mam points of interest and re- 
called many historical reminiscences of the stormy scenes there 
enacted during the seventeenth century. On the return to 
Sydney a brief stop was made at the coal-washmg jplant at 
Morien 

The Bras d’Or Bales 

On Thursday, August 23d, the visitors enjoyed, by courtesy 
of the Mayor and Corporation of the town of Sydney and the 
officers of the Dominion Iron and Steel Co., a delightful excur- 
sion on the steamer “ Pawnee ” through the beautiful Bras 
d’Or Lakes, as far as G-rand Earrows The day was clear and 
bracing, the magnificent scenery recalled Lake George, the 
Hudson Highlands and the rocky shores of Lake Superior, and 
assuredly no more brilliant climax could have been devised to 
conclude the Sydney visit than this voyage upon an inland sea, 
aptly called, by the old Breton fishermen, “ the Arm of Gold.” 

At Grand Earrows the jparty resumed the special train, and 
reached Eew Glasgow during the night. 
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New Glasgow 

Friday morning, August 24th, the visitors were welcomed by 
the local committee,* headed by Mr. Qrahani Fraser, Vice- 
President of the FTova Scotia Steel Co , and Mr. Charles Fergie, 
manager of the Intercolonial Coal Co , Ltd. These gentlemen 
had arranged so full and attractive a programme, that it was 
impossible for all the guests to take all the excursions. They 
were therefore separated into parties, one of which inspected 
the Intercolonial Coal Oofs Drummond Colliery at Westville, 
and was entertained at luncheon by Mr. Fergie in his beautiful 
home , while another visited the Acadia Coal Co ’s mine at 
Stellarton; and a third, including the ladies, enjoyed, through 
the courtesy of the Citizens’ Committee, a beautiful carriage- 
drive around the city of New G-lasgow, and to the top of Fra- 
ser’s mountain 

At noon, the several parties were reunited and visited the 
works of the Nova Scotia Steel Co , Ltd. These works com- 
prise an automatic eoal-washing plant (the first ever erected 
in Canada) of 300 tons daily capacity, a coking-plant of 54 
Bernard retort-ovens with a total output of 120 tons per 24 
hours, and a blast-furnace (smelting largely the ores from Belle 
Isle, Newfoundland), all at Ferrona; while at New Glasgow 
is located the steel-plant, comprising four Siemens furnaces, 
from 20 to 50 tons capacity each, reheating-furnaees and a 
complete rolling-mill and machine-shop equipment, with a 
daily output of 150 tons of steel ingots, worked up into forgings, 
plates, bars and merchant-steel. 

A delightful excursion on Pictou harbor, in the steamer 
“ Princess,” chartered for this occasion hy the Nova Scotia 
Steel Go., in company with a large number of invited guests 
from New Glasgow, occupied the afternoon. The beautiful 
Scotch ballads and Canadian songs and choruses sung upon the 
homeward trip were the special features of the occasion 

Sahfax 

By courtesy of the officers and members of the Mining So- 
ciety of Nova Scotia the visitors were driven on Saturday 

* Mew Glasgow Meceptm GommUee Oraham Frasei, Ghmirmm, Henry S 
Poole, Harvey Graham, A C Bell. M P , Charles Feigie, J G Hutherfoid, T. 
Cantley, Hon M MacDonald 
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morning, August 25th, to vaiious points of interest, including 
the beautiful public gardens for which the city is noted * In 
the afternoon they enjoyed an excursion on the steamer 
“ Coban,” arranged by the courtesy of Mr Matthew E Mor- 
row, and in the evening attended a clever amateur theatrical 
performance at the Academy of Music. 

Sunday was spent in visits to the Citadel and the garrison 
church in the morning, and an interesting inspection in the 
afternoon of the British warship Crescent, where Lieut Gillett 
courteously entertained the party. 

A session of the Institute occupied the morning of Monday, 
August 27th, and in the afternoon the steamer “ Chebucto ” 
carried the party about the harbor to view the famous York 
Eedoubt and other forts, as well as the beautiful residences of 
wealthy business and professional men. A large number of 
eminent citizens and their ladies accompanied the party , and 
after luncheon, addresses of welcome and cordial appreciation 
were exchanged. 

On Tuesday, August 28th, under the escort of I). 0. Hood, 
the secretary, and J C. McHulty, manager, and accompanied 
by the Hon. W S Fielding, M P , Dominion Minister of Fi- 
nance, the party visited the Tunnel mine of the Waverly Gold 
Mining Co A modern 60-stamp mill has recently been erected 
here Luncheon was served in a large tent erected on the 
lake shore near the mine , and after numerous hearty and elo- 
quent speeches, the party returned to Halifax, and attended in 
the evening a concert in the Public Gardens, where Sir Charles 
Tupper delivered a patriotic address to the soldiers lately re- 
turned from the South African wmr 

On Wednesday morning, August 29th, a majority of the mem- 
bers departed for their homes by way of Quebec , while a party 
of about 25, under the guidance of Mr. B. T A. Bell and of Mr. 
J. M. Sherrerd, who kindly volunteered to superintend all ar- 
rangements for the comfort of the Institute party en route, in- 
spected the old Sydney collieries of the Hova Scotia Steel Co., 
where they enjoyed the hospitalities of Mr E. H Brown and 
his daughters, and then left for Newfoundland 

* Halifax Reception Committee W L Libbey, G haw man, George W Stuart, 
B F Pearson, M E Morrow, D C Hood, Alexander McNeil, 0 C Starr, 
George E Francklyn, Geoffrey Morrow, A A Hayward, B C Wilbon, T R 
Gue, G L Burritt, Dr Gilpin, H M Wylde, Nec/etorj/ 
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Newfoundland 

Tlie trim steamer “ Brace,” placed at the disposal of the party 
by the generous courtesy of Mr. B. G- Reid,-*' proprietor of the 
ITewfouudland railway, landed the excursionists early on Friday 
morning, August 31st, in the rugged and picturesque harbor of 
Port aux Basques, where a special train was in waiting to carry 
them to St Johns Much enthusiastic interest in the rich variety 
and natural beauty of FTewfoundland scenery was expressed by 
the visitors during this daylight journey On Sunday morning 
a special train left St Johns for Bhlligrew’s, and in spite of the 
drawbacks of cold and windy weather and an ugly sea, a 
memorable visit was ]Daid to the Belle Isle iron-mines. Those 
who ventured the tiip were amply repaid by the warm hospi- 
tality of Mr R E. Chambers and assistants, of the Hova Scotia 
Steel Co.^s mines, Mr. "W. S Grammer and assistants, of the 
Dominion Iron and Steel Co.’s mines, and their ladies. 

During the brief visit to St. Johns, Mr H C Burchell, gov- 
ernment engineer, and his wife, were assiduous in their atten- 
tions to the party, and Hon. Edgar Bowring entertained them 
at his South Side works, where they witnessed the dressing and 
treatment of the pelts of the hair-seals brought in by steamers. 

On Tuesday, September 4th, the visitors sailed on the steamer 
“Bonavista,” kindly placed at their disposal by Mr. H. M. 
"Whitney, and, after a voyage made doubly delightful by the 
courtesies of Captain Frazer, arrived at Sydney, whence they 
proceeded to their several homes. 

* Mr Eeid extended similar courtesies to a small party which, visited New- 
foundland, leaving the main paity at Sydney, during the previous week 
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The Work of the United States Geological Survey in Rela- 
tion to the Mineral Resources of the United States. 


BY CHARLES D WALCOTT, DIRECTOR, WASHINGTON, D C 
(Wa&bmglQu Meeting, February, 1900 ) 

INTRODUCTION. 

The organic law of the Geological Survey provides that its 
Director shall have the direction of the geological survey, 
and the classification of the pijhlic lands, and examination of 
the geological structure, mineral resources, and products of the 
national domain.” 

Under these broad general provisions, the first Director, 
Clarence Uing, laid out a comprehensive plan of operations in 
the States west of the 102d meridian Of this he said 

Tlieie can hardly be two opinions on the desirableness of iininediately working 
out such problems in these gieat districts which, in theii past and piesent history, 
offer examples of instructive geological structure and great bullion-yield, and 
which have leq Hired of mining men special mechanical skill and large outlay of 
capital Proper scientific reports on such typical districts become recoids of 
reiiiaikable phenomena in the field of industrial geology and chronicles of dis- 
tingnished success in the depaitment of mining engineering Among the great 
numbers of mining-distiicts which merit rigid investigation I have chosen three, 
which mors than otheis seemed to offei harvests of technical information, of 
winch the mining population stands in immediate need, Leadville, the extra- 
ordinary district in Middle Colorado , Eureka, Nevada, which for fifteen years 
has been the most pioductive silver-lead district in America , and the incompaiable 
Comstock Lode, are chosen as the fiist three distiicts to be illustrated by special 


All of these investigations were completed, and the reports 
were published, after Mr. Ring resigned the Directorship of the 
Survey m 1881. f 

His successor, Director Powell, was confronted with the proh- 

* First Annual BepoH, U 8 Qeol Swvejf, 1880, p 8 

t An admirable review of the raining work of the U S Geological Survey 
under its first director is contained m Trans , x , 412 ^ 
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lem of the extension of the survey over the entire United States 
and the examination of the mineral resources of the country 
Plans were formulated for the investigation of the copper- and 
iron-deposits of the Lake Superior region, the iron- and coal- 
deposits of the Appalachian area south of the Potomac, the phos- 
phate-deposits of Florida, and many minor areas of economic in- 
terest. Maps suitable as a basis for geologic and mining work 
were not in existence. Tear after year the topographic survey 
was pushed ahead, the geologic work being limited to the regions 
of which maps were available. For the mining engineer it was 
a long, tedious period of waiting; and many became restless. 
Another complication arose. The West wished to know more 
of its irrigation-possibilities ; and energy and money wore di- 
verted to irrigation-surveys This function culminated in 1890, 
when Congress cut off the irrigation-work for ‘a time Mining 
and economic work began to push to the fore again, until 
August, 1892, wFen the appropriation for geology was cut down 
by legislative action from |115,000 to $50,000, for chemistry, 
from $17,000 to $5,000, for scientific salaries, from $67,700 
to $29,900, for engraving geological maps, from $60,000 to 
$10,000; for illustration of reports, from $16,000 to $5,000, 
and for paleontology, from $40,000 to $10,000 Topography 
nearly escaped, the change being from $250,000 to $240,000 
Eeadjustments were made from year to year, and some of the 
amounts have been restored, so that at the present time the 
general work of the Survey is progressing in a satisfactory 
manner, with the exception of mining geology and the statistics 
of mining and mineral production. 

It IS well understood that good topographic maps must pre- 
cede areal geology, and that the latter must be worked out and 
platted before deductions of permanent value can be made in 
relation to the extent or permanency of a mining-region or dis- 
trict. With this in view, the present policy of the Geological 
Survey in relation to mining will be best shown by a brief re- 
view of the work under way during the last field-season. 

» SURVEYS. 

Topographic Surveys . — The area (square miles) covered by 
topographic surveys during 1899 is as follows 
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Division 

Scale, 1 Mile 
to Inch 

Scale, 2 Miles, 
to Inch 

Scale, 

Special 

Total 

Atlantic Division 

Central Division 

6,591 

3,648 

3,345 

7,125 

32 

9,936 

10,805 

Eocky Mountain Division 

90 

7,784 

55 

7,929 

Pacific Division 

388 

6,782 

24 j 

7,194 1 

Total 

10,717 

25,036 

111 

35,864 j 


As in some previous years, there was a certain amount of re- 
siirveymg, for the purjiose of adjusting to the requirements of 
present standards of precision maps which had been made 
under less exacting conditions, and the area this covered was 
6364 square miles. 

All the topographic work has an economic value, hut not 
always to mining industries. Yet much of it is important to 
mining, especially in the States where the mineral product is 
large. 

The present condition of the toxiographic surveys is shown in 
the table on page 6. The history of these surveys is given in 
Part I of the Twentieth Annual Eeport, pp 90-102. 

Geologic Surveys — ^In Eew York and Vermont the detailed 
study recently made of the great roofing-slate belt was suxiple- 
mented in 1899 by the survey of adjoining areas into which the 
slate-bearing series extends The work on the iron-hearing for- 
mations of the Adirondack MountainSjEew York, was continued, 
and in Maryland co-operation with the State Survey resulted in 
the survey of the marl-beariiig series. The mapping of the coal- 
fields of West Virginia was advanced by 1,000 square miles of 
area, and in Illinois the survey of the Danville quadrangle was 
comxileted In the glaciated regions of Wisconsin, Illinois, 
Indiana, Michigan and Ohio, investigations were continued m 
the glacial gravels and clays, which have great economic im- 
Xiortance to the peoxde of the areas where they occur. 

The Survey has recently published an extended monograph 
on the Crystal Palls iron-bearing district of Michigan In the 
last season the Lake Vermilion district was under survey, and 
this work, with the topographic surveys in the Mesabi region, 
was well advanced The maxiinng of the coal-fielcD of Indian 
Territory in the vicinity of McAlester, and thence southward, 
was pushed forward. 
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Present Condition of Topographic Surveys and the New Areas Sur- 
veyed from July 1 , 1899 , to February 20 , 1900 

(Areas revised oi lesurveyed aie not included in tins table ) 


State or Territory 

Total Area 

Area Sur- 
veveO in 
1899-1000 

Area Sun eyed to Date, 
Febmaij 20, 1900 


Square Miles 

Square Miles 

Square Miles 

Pei cent 

Alabama 

52,250 

482 

15,645 

30 

Aiizona 

113,020 

400 

57,190 

50 

Arkansas 

53,850 

1,930 

16,434 

31 

California 

158,360 

3,394 

53,002 

33 

Colot ado , 

103,925 

874 

34,005 

32 

Connecticut 

4,990 


4,990 

100 

Delaware 

2,050 


644 

31 

Distiict of Columbia 

70 


70 

100 

Florida 

58,680 


1,821 

3 

G-eoigia 

69,475 

515 

14,622 

24 

Idalio 

84,800 

1,153 

13,744 

17 

Illinois 

56,650 

4,485 

8 

Indiana 

36,350 

478 

621 

2 

Indian Teiiitory 

31,400 

10 

30,895 

99 

Iowa 

56,025 

1,191 

7,886 

14 

Kansas , 

82,080 

62,746 

76 

Kentucky 

40,400 


10,433 

26 

Louisiana 

48,720 


7,492 

36 

Maine 

33,040 

426 

4,236 

13 

Maryland 

12,210 

951 

9,401 

77 

Massachusetts 

8,315 


8,315 

100 

IMichigan 

58,915 


1,964 

3 

Minnesota 

Mississippi 

83,305 

46,810 

656 

2,278 

29 

3 

Missouri . . . 

69,415 

932 

29,801 

43 

j hlontana 

146,080 

35 

36,188 

25 

1 Kebiaska , 

77,510 

1,704 

26,804 

35 

Nevada 

110,700 

28,949 

26 

New Hampshne 

9,306 


2,396 

26 

New Jeisey 

7,815 


7,815 

300 

New Mexico 

122,580 


27,777 

23 

NewlTork 

49,170 

3,345 

21,737 

44 

Noith Carolina 

52,250 

12,252 

23 

Noith Dakota. 

70,795 


6,327 

9 

Ohio 

41,060 

966 

1,828 

1 4 

Oklahoma .. 

39,030 


4,146 

11 

Oregon . 

96,030 

433 

14,138 

15 

Pennsylvania 

45,215 1 

1,267 

7,895 

17 

Rhode Island 

1,250 


1,250 

100 

South Carolina 

30,570 


3,900 

13 

South Dakota 

77,650 

250 

16,523 

21 

Tennessee 

42,050 

750 

18,391 

44 

Texas 

265,780 


58,427 

22 

Utah 

84,970 


62,867 

74 

Veimont 

9,565 


2,844 

30 

Viigima . 

Washington 

42,450 


29,227 

69 

69,180 

2,013 

8,471 

12 

West Virginia . 

24,780 

160 

17,176 

69 

Wisconsin 

56,040 

2,035 

8,312 

15 

Wyoming . . , 

97,890 

3,170 

16,199 

17 

Totals 

3,024,880 

29,600 

834,388 

28 
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In the Rocky Mountain region the survey of the gold-hearing 
rocks in the San Juan Mountains of soutliTresterii Colorado 
was pursued during the entire season, the topographic maps 
being prepared on the scale of one mile to the inch 

The detailed economic survey of the Deadwood district in 
the Black Hills was practically completed, the areal geology 
having been mapped during the last two years. In Montana 
work was continued in the Elkhorn district, and a careful re- 
survey was made of the mines in the Butte district, for the re- 
vision of the geologic map of Butte and vicinity The explo- 
ration of the almost unknown area of Central Idaho was con- 
tinued during the field-season, and valuable data were secured 
for future detailed work. An extended reconnaissance was also 
made through the Basin ranges of Utah and Hevada, with a 
view to future work. In the Silver Peak gold-district of Ne- 
vada the areal geology was completed. 

Eor several years studies have been made of the physical 
conditions of gold-deposition in California, especially with ref- 
erence to the Mother Lode It is anticipated that this work 
will be brought to a close during the season of 1900, and that a 
monograph will be published on the subject The areal geol- 
ogy of the gold-belt has all been mapped, and much of it pub- 
lished. Investigations were also made in California with rela- 
tion to the deposits of oil and asphalt. In Oregon a reconnais- 
sance was carried through the Klamath Mountains with the 
view of determining their mineral resources, and the desirability 
of making detailed maps Some work was carried on in 
"Washington two years ago, and the present season the areal 
geology of the Mount Stuart quadrangle and of a considerable 
portion of the Snoqualmie quadrangle to the west was com- 
pleted. 

In Alaska a reconnaissance was made of the Upper Koyukuk 
region, also of the area about the headwaters of the Tanana, 
and late in the season, of the Cape Home district. 

In addition to the above-mentioned special investigations, 
visits were made by geologists to many areas in various sections 
of the country, with a view to the prosecution of work in the 
future. The work of the division of Mineral Resources was 
pushed forward energetically under a substantial increase of its 
appropriation. The field examination of the distribution, extent 
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and value of special minerals was enlarged, by taking up asphalt- 
deposits, while the problems of phosphates, fnller’s-earth, etc , 
received additional attention 

Progress-Map, 1879-1900. — ^It has been customary to present 
in the annual reports a progress-map showing the condition of 
the work of the topographic branch of the Survey ; hut the ac- 
companying map presents for the first time the combined re- 
sults of both topographic and geologic surveys It shows sejia- 
rately the topographic surveys on the scales of 1, 2, and 4 miles 
to the inch, and the areas of geologic reconnaissance and de- 
tailed geologic surveys. 

The following summary, broadly arranged under special 
minerals, gives a general view of the geologic work represented 
geographically on the progress-map 

Peovisional List of Suevets, to Accompany the Peooebss- 

Map, 1879-1900, WITH Paetial Eefeeence to Belated 
Publications 

General Surveys 

Topographic surveys, scales 1, 2, and 4 miles to the inch. 
Geologic reconnaissances. 

Detailed geologic surveys, including investigation of mineral 
and artesian-water resources in general, published, or in 
preparation for publication, as folios of the Geologic Atlas, 
as papers in the Annual Eeports, or as Bulletins and 
Monographs. 

Geologic folios published, 56 

Geologic folios initiated, and in various stages of preparation, 61 
Coal, Oil, and Gas 

Appalachian — Bituminous field — Campbell, Keith, Hayes, Wil- 
lis, Darton, Tafl“, Weeks — 14th and 17th Annual Eeports; 
Bulletin Ko 111, Geologic Atlas of the United States, 
folios Hos. 6, 8, 12, 19, 21, 22, 26, 28, 33, 34, 35, 40, 44, 
46, 47, and 53, and others in preparation. 

Pennsylvania — ^Anthracite-field — ^David White — 20th Annual 
Eeport. 

Massachusetts — ^Harragansett coal-field — Shaler, Woodworth, 
Poerste — Monograph XXXHI. 
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Virginia — ^Eichmoncl basin — Shaler, ‘Wooclwortli — 19tli An- 
nual Report 

Illinois — ^Danville quadrangle — Campbell — Greologic folio in 
preparation 

Ohio and Indiana — Gas- and oil-field — Orton — 8tb Annual Re- 
port. 

Indiana — Gas-region — ^Pbinney — lltb Annual Report. 

Indian Territory — Coal-field — Tatf — 19th and 21st Annual Re- 
ports and five geologic folios in preparation 

Texas — ^Rio Grande coal-fields — ^Vaughan — ^Bulletin Ro 164 

Texas — Corsicana oil-field — ^Hill — ^Report in preparation. 

Colorado — Denver basin — ^Emmons, Cross, Eldriclge — Mono- 
graph xxvn 

Colorado — Anthracite and Crested Butte quadrangles — ^Em- 
mons, Cross, Eldridge — Geologic folio Ho. 9. 

Colorado — Durango and La Plata quadrangles — Cross — Geo- 
logic folios in preparation 

Colorado — ^Elmoro, Spanish Peaks, and 'Walsenburg quad- 
rangles — R C Hills — Geologic folio Ho 58 and two in 
preparation. 

Colorado — Florence oil- and gas-field — ^Eldridge — Trans. A. 1. 
M. E , vol. XX. 

Wyoming — Coal- and oil-fields — ^Eldridge, reconnaissance — 
Bulletin Ho. 119 

Montana — ^Livingston and Fort Benton quadrangles — Weed — 
Geologic folios Hos. 1 and 56. 

Montana — Great Falls and Red Lodge areas — ^W eed — G. S. A. 
Bull , vol 3. 

Montana — Judith Mountains — ^Weed — 18th Annual Report. 

Montana — Cinnabar and Bozeman field — Weed — Bull. Geol 
Soc. Am., vol. 2. 

Washington — Tacoma coal-field — Willis, Smith — 18th Annual 
Report and Geologic folio Ho. 54 

Washington — Mount Stuart quadrangle — Smith — Geologic 
folio in preparation. 

Oregon — Coos Bay basin — ^Diller — 19th Annual Report. 

California — Mount Diablo — Turner — ^Bull. Geol. Soc Am., 
vol. 2. 

California — Jackson quadrangle — Turner — Geologic folio Ho. 
11 

Alaska — General report — ^Dall — 17th Annual Report. 
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Iron-Ore. 

AppalacliiRii — Olinton ores — ^Hayes, Keith, Dartoii — Geologic 
folios Kos. 2, 4, 6, 8, 12, 14, 19, 20, 21, 26, 28, 82, 38, 
and 35. 

Appalacliian — S outli ern lim onites — ^Hayes — Scien c^’, 1 8 9 7 

Korth Carolina — ^IMagnetites — Keith — Eeport and Geologic 
folio in preparation. 

Kew York — Adirondack magnetites — ^Kemp — 19th Annual Ee- 
port, geologic folio in preparation, and Tram. AIM. E., 
vol. xxvii. 

Michigan — Lake Superior iron-districts — ^Irving, Yan Ilise, 
Bayley, Clements, Smyth — 10th, 15th, and 19th Annual 
Eeports, Monographs Kos XIX, XXYin, and XXXYI, 
and special geologic folio in preparation 

Minnesota — Yermilion and Mesabi iron-districts — Yan Hise — 
Eeports in preparation. 

Montana — ^Little Belt Mountains — Weed — 20th Annual Ee- 
port and Geologic folio Xo. 56. 

Gold, Silver, and Associated Metals. 

Appalachian — Southern gold-fields — ^Becker, Keith, Hayes — 
16th Annual Eeport and geologic folios in preparation. 

South Dakota — ^Black Hills — ^Emmons, Jaggar — 21st Annual 
Eeport (in preparation) and geologic folio in preparation 

Colorado — ^Leadville — ^Emmons — ^Monograph XII, and 2nd 
Annual Eeport. 

Colorado — Tenmile district — ^Emmons — Special Geologic folio 
Ho. 48. 

Colorado — ^Aspeii — ^Emmons, Spurr — ^Monograph XXXI. 

Colorado — Anthracite and Crested Butte quadrangles — 
Emmons, Cross, Eldridge — Geologic folio Xo. 9. 

Colorado — Eosita Hills and Silver Chtf — Cross, Emmons — 
17th Annual Eeport. 

Colorado — Cripple Creek — Cross — 16th Annual Eeport and 
Geologic folio Xo. 7. 

Colorado — Telluride, La Plata, Eico, and Silverton quadran- 
gles — Gross, Purington — 18th Annual Eeport, 21st An- 
na] Eeport (in preparation) ; Geologic folio Xo. 57, and 
others in preparation. 

Utah — Mercur district — ^Emmons, Spurr — 16th Annual Eeport. 
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Utah — Tiiitic — ^Emmons, Tower, Smith — 19th Annual Eeport . 
Geologic folio in pre]iaration. 

Wyoming — Ahsaroka — Hague — Geologic folio hTo 52 

Montana — Eort Belknap Indian Beservation and Bearpaw 
Mountains — Weed — Am. Jour. Sei , 1896, Jour. Geol , 1806. 

Montana — Judith Mountains — ^Weed — 18th Annual Eepoit; 
JEhig. and Mining Jour , 1896 

Montana — Boulder quadrangle — Weed — In preparation 

Montana — Elkhorn mining region — ^Weed — 21st Annual Re- 
port (in preparation) 

Montana — Butte — ^Emmons, Weed — Special Geologic folio hTo. 
38 

Montana — Ueihart, Barker, and Yogo districts — Weed — 20tli 
Annual Report. 

Montana — Castle Mountain district — ^Weed — ^Bulletin Ro 139 

Montana — Little Belt and Fort Benton quadrangles — Weed — 
Geologic folios Ros. 55 and 56 

Idaho — Idaho Basin and Boise Ridge — ^Lindgren — 18th Annual 
Report. 

Idaho — Silver City, Be Lamar. Wood River, Florence, War- 
ren, and Seven Devils — ^Liiidgren — 20th Annual Report. 

Idaho — ^Elk City, Buffalo Hunt, Pierce City, and Cceur d’Alene 
— Liiidgren — ^In preparation. 

Washington — ^Moniit Stuart quadrangle—Smith— Geologic folio 
in preparation. 

Oregon — Coast gravels — ^Dillcr — 14th Annual Rexoort. 

Oregon — ^Rorthwest Oregon — ^Diller — ^17th Annual Report. 

Oregon — ^Bohemia mining-region and the Blue River mining- 
region — ^Diller — 20th Annual Report. 

Revada — Eureka district — ^Hague, Curtis — ^Monographs YH 
and XX, and 3rd and 4th Annual Reports. 

Revada — Comstock lode and Washoe district — ^Becker — Mon- 
ograph III an d 2nd Annual Rexjort. 

Revada — Silver Peak quadrangle — Turner — Geologic folio in 
preparation. 

California — Gold Belt — ^Lindgreii, Turner, Biller, Ransome — 
Geologic folios Ros. 3, 5, 11, 15, 18, 29, 37, 39, 41, 43, 51, 
and others in preparation, 8th, 14th, and 17th Annual 
Reports. 

California — Calico district, Barclay — ^Lindgren — Trans. A. I. 
M. U, vol. XV. 
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Alaska — Soutliern gold-fields — ^Becker — 18tli Annual Eeport. 

Alaska — ^Yukon and other gold-fields — Spurr, Eldridge, Schra- 
der, Brooks, Mendenhall — Sj)ecial Alaska reports, 1898 
and 1899 , 18th and 20th Annual Reports. 

Quicksilver. 

Texas — Terlingo district — Hill — ^Report m preparation. 

California and Revada — Coast Ranges of California, and Steam- 
boat Springs, Revada — ^Becker — Monograph XIII and 8th 
Annual Report. 

Bauxite. 

Alabama — Appalachian province — Hayes — Mineral Resources 
of the U. S. for 1893, and 16th Annual Report. 

Copper^ Zmc^ and Lead 

‘Wisconsin — ^Lake Superior copper-belt — ^Reconnaissance and 
compilation, Irving — ^Monograph Y and 8rd Annual Re- 
port 

Montana — ^Butte district — ^Emmons, Weed — Special Geologic 
folio Ro 38. 

Tennessee — Rucktown district — ^Hayes, Keith — Geologic folio 
in preparation. 

Rorth Carolina and Yirgima — ^Virgilina, Gold Hill, and Linden 
copper districts — 'W eed — 21st Annual Report (in prepa- 
ration). 

Rew Jersey — Eranklin Furnace zinc-deposits — Wolff — 
Geologic folio in preparation. 

Missouri — Mississippi Yalley zinc- and lead-deposits — Jenney — 
Trans A. L M. JE , vol. xxii. 

Slate and Marble. 

Tennessee — “Tennessee” marble — ^Keith, Hayes, Campbell — 
Geologic folios Ros. 4, 10, 12, 16, 25, and 27. 

Georgia — “ Georgia ” marble — Hayes, Keith — Geologic folios 
in preparation 

Massachusetts — Stoekbndge marble — Dale, Hobbs, Emerson — 
Geologic folios in preparation. 

Tennessee — Ocoee slates — ^Keith, Hayes — Geologic folios Ros. 
16, 26, and others in preparation. 

Rew York and Yermont — Slate-belt — ^Dale — 19th Annual Re- 
port and geologic folios in preparation. 
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Phosphates and llarls 

Tennessee — ^Phosphate districts — ^Ilayes — 17tli Annual Eeport 

Florida — ^Phosphate district — ^Eldridge — Trans A. Z IT. P, 
vol xxj and detailed report in preparation 

Maryland and Virginia — Marls — Daiton — G-eologic folio Eo. 
23, and others in preparation. 

Aspthalts 

Utah — Uinta Basin — ^Eldridge — 17th Annual Eeport 

Indian Territory — McAlestcr, Antlers, and Windingstair quad- 
rangles — Taff — Am Jour Science, 1899, and geologic folios 
in preparation. 

Texas — ^Uvalde quadrangle — ^Vaughan — 18th Annual Eeport. 

Texas — Burnet deposit — Hill — ^Report in preparation. 

California — San Luis Ohispo district — ^Fairbanks — Geologic 
folio in preparation 

United States — General investigation of the deposits in West 
Virginia, Kentucky, Missouri, Colorado, Indian Territory, 
Texas, and California. — ^Eldridge — ^Report in preparation 

Artesian Water and Peservoir-Siies 

Atlantic Coastal Plain — ^Darton — ^Bulletin Ko. 188. 

Illinois — ^Water-resources — ^Leverett — 17th Annual Eeport. 

Indiana and Ohio — ^Well-waters — Leverett — 18th Annual Ee- 
port and Water-Siipxily Papers Uos 21 and 26 

Kansas — Underground waters. Southwest Kansas — Haworth — 
Water-Supply Paper Ko 6. 

Kansas, Colorado, and Kehraska — ^Water-resources, Great 
Plains — ^Robert Hay — 16th Annual Eeport. 

Dakotas — Artesian waters, Eastern Dakota — ^Darton, Todd — 
17th and 18th Annual Reports and Water-Supply Paper 33 

Dakota and Wyoming — ^Black Hills — ^Darton — 21st Annual 
Eeport (in preparation). 

Kebraska — Water-resources, Western Nebraska — ^Dartoii — 
19th Annual Eeport. 

Nebraska — Water-resources, Southeast Kebraska — Darton — 
Water-Supply Paper Ho. 12. 

Colorado — Pueblo, Apishapa, and Hepesta quadrangles — Gil- 
bert — Geologic folio Ho. 36 and two in preparation. 

Colorado — Arkansas Valley — Gilbert — 17th Annual Eeport, 
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Colorado — Spanisli Peaks, Walsenbiirg, Elmoro, and Huerfano 
Park quadrangles — C Hills — Geologic folios in prepa- 
ration. 

Texas — ^Artesian waters — ^Hill, Yauglian — IStli and 21st An- 
nual Reports. 

IJtali — Salt Lake City — ^Hewell — 12tli Annual Report. 

Arizona — Gila River, storage-water — ^Lippincott — Water-Sup- 
ply Paper Ho. 33. 

California — Southern California — ^Lippincott — W ater-Snpply 

Paper in preparation. 

Washington — Artesian hasins, Southeast Washington — Rus- 
sell — Water-Supply Paper Ho 4. 

Economic Work and the Mining Industry 

111 government organizations depending upon tie vill of so 
complex a body as Congress, it is often diJEciilt to carry out a 
policy outlined in advance. Hsually the policy is modified by 
considerations, not of what it is abstractly best to do, but ot 
what it is possible to do. This compels the administrative offi- 
cer to aim at the nearest attainable approximation to the desired 
object. 

Emmons has well said that there are three standpoints from 
which the relations of the Geological Survey to the mining in- 
dustry in general may be viewed . first, the more purely scien- 
tific or geologic side, second, the technical side, and third, the 
commercial side. 

The general principle upon which the Survey has been doing 
its economic mining work is, that it should endeavor to accom- 
plish for the mining industry, as a whole, what the individual 
mining engineer or mine-owner cannot succeed by his unaided 
exertions in doing ; that it should not undertake to do what 
could be done as well, if not better, by individual exertion; 
that it should not interfere, either favorably or iinfiivorably, 
with the private business of individuals or corporations, or 
enter into competition in their legitimate occupations with pro- 
fessional men, such as mining engineers, etc. This is implied 
in the clause of the organic law of the Survey which provides 
that — The Director and members of the Geological Survey 
. . shall execute no surveys or examinations for private 

parties or corporations ” 
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If it were more generally understood that such is a proper 
limitation of the work of the members of the Survey, they 
would not be asked, as they frequently are, to tell some indi- 
vidual or corporation whether his or its land contains valuable 
mineral-deposits, since all the information they are at liberty to 
impart with regard to that land is contained in the published 
maps and reports, which may be obtained by all If the indi- 
vidual or corporation is unable to deduce from these publica- 
tions all the commercial data that may be desired, a mining 
engineer should be employed for the purpose An attempt by 
the Survey to acquire and communicate such information re- 
specting any special parcel of land would be in the nature of a 
report for private parties, which would be an interference with 
the business of the mining engineer and a violation of law. 
neither should the Survey be called upon to assay or analyze 
ores for private parties, for that is manifestly interference with 
the business of the assayef ; nor should it be called upon, as it 
sometimes is, to tell a man what process, or which of two or 
more processes, is best adapted for the treatment of his ores. 
Even if the members of the Survey were fitted to pass judgment 
upon the relative value of technical processes or machines, and 
should pronounce such judgments, they would naturally be 
regarded as interfering unwarrantably with the business of the 
person or corporation owning a process or machine which was 
not favorably considered in their report. If it were proper that 
work of this nature should be done, it would be impossible to 
acquire the knowledge necessary to meet such demands with 
the amount of money at present available, or even with ten 
times that amount. 

The means for economic work being limited, only a small 
proportion of the broad field opened for investigation can be 
occupied at any one time On this account, the energies of the 
survey have been devoted to those branches of investigation 
which were of immediate use to the greatest number ; and these 
have been, in the main, investigations leading to broad general 
deductions. 

Geologic Investigation . — ^In the field of more purely geologic 
investigation, the general object has been the determination of 
laws which govern the formation of deposits of the useful min- 
erals, and of the rock-foxmations in which they are most likely 
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to be found. This object can be attained only by long and care- 
ful study of many and varied deposits — as far as possible in the 
condition in which tliey were originally formed. Ore-deposits 
are as a rule the result, not of a single process, but of many suc- 
cessive concentrations of minerals ; and in those deposits which 
are found near the present surface, the effects of the latest of 
these processes — ^weathering or the action of surface-waters — 
are likely to have obscured all others. In order best to accom- 
plish the object sought, the first studies were made of mining- 
districts in which mining developments have been most exten- 
sive, the mines are deepest, and the most varied forms of ore- 
deposits have been disclosed. 

In the prosecution of these studies, the geologists often obtain 
results of immediate value to the miners and mine-owners of 
the particular district under investigation, such as the deter- 
mination of the probable direction which the ore-bodies will 
take ill unexplored ground, the faults which are likely to cut 
them off, and other obvious limitations which geologic condi- 
tions may suggest. These results are often of secondary im- 
portance as compared with the more general deductions, being 
useful to only a few persons interested in a limited district, 
while the general deductions, if correct, are of benefit to the 
whole mining community. 

A brief statement of the underlying principles which govern 
our choice of fields of work is made, because that work has 
been frequently criticised . the criticism made by miners being 
that the Survey chooses developed districts, where the general 
facts with regard to ore-deposits are already known, rather 
than undeveloped districts, where the predictions might be of 
more use to those who own mines, and might actually help in 
their development. From a partially developed district we can 
usually learn only superficial facts, which are not likely to yield 
any contribution to general laws Whatever may be said of 
the probable value of such a district belongs to the province of 
the mining engineer rather than to that of the Government geol- 
ogist, since it involves such preliminary work as sampling of ores, 
prospecting, development, etc., which the geologist cannot do. 

Another criticism has been that more work is done in one 
State than in another. But if it be admitted that the principles 
mentioned should govern our work, it is evident that we can- 
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not be guided by geogra]pbic or political considerations, but 
that we must study ore-deposits where they can be studied to 
the best advantage In the topographic work of the Survey a 
more or less general geographic distribution has been possible, 
and it is also desirable, but in geology the Survey must continue 
to be the judge of the importance and interdependence of the 
problems to be solved, and of the best method of solving them 

In the original plan of Survey-publication, the monographs 
were designed to set forth each the results of a complete and, so 
far as possible, exhaustive treatment of a given subject or group 
of geologic phenomena; the bulletins were intended for reports 
of special studies, not necessarily exhaustive, but, for one 
reason or another, deserving of immediate publication , while 
papers in the Annual Report were intended to be less technical 
111 character, of general rather than special interest, and to in- 
clude abstracts, in somewhat popular form, of monographic 
studies. It was found desirable, as time went on, to modify this 
plan, as it has been found wise to adhere not too strictly to that 
laid down for the conduct of the work itself Thus, for a time 
the outside demands for economic surveys, solely on the second- 
ary ground of their usefulness to those interested in mimiig 
111 the special districts examined, increased very rapidly, while 
the force and funds at the disposal of the economic division 
w’ere actually decreasing, so that the monographic treatment 
became uiiadvisable as a matter of policy, and the work was 
spread over a greater number of regions by devoting loss time 
and labor to each. 

In the latter part of the first decade and the first part of the 
second decade of the Survey’s history, a very large proportion 
of the appropriation w^as devoted to the prejiaration of topo- 
graphic maps, which serve as a basis for the work for which 
all geologic surveys are primarily organized. The making of a 
geologic map of so large an area as is included within the 
boundaries of our country is a far greater task than has been 
given to any previous Geological Survey. It is continental in 
its nature , and long deliberation and careful planning were 
required, before the actual publication could be entered upon, 
for the first essential is uniformity in all the parts, and therefore 
a- plan once adopted should be carried out logically to its com- 
pletion. 

VOL. XXX —2 
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It was not until 1894 that the publication of the sheets of the 
Geologic Atlas of the United States in their final form of the 
“ Geologic folio ” was commenced. Over fifty of these folios 
have been now published , that is, at the present rate, about ten 
per annum. Owing to the great degree of accuracy required in 
the color-printing of these maps, their extreme complication, 
and the consequent necessity of personal supervision by the 
authors during the various processes involved, every part of this 
work, fi’om the original drawing to the final printing and bind- 
ing, IS done in the Survey buildings. It was originally supposed 
that, with the present facilities for engraving and printing, the 
output would be twice as great as it is at present ; but the ad- 
vance in accuracy of geologic field-work, and the consequent 
increase in elaborateness of representation, have proceeded at a 
more rapid pace than has the growth of the means of publication. 

Areal geologic mapping, as the work represented on folio 
sheets is designated, is always of economic importance, and prob- 
ably over 90 per cent, of the areas for folios were chosen 
largely because of the value they would possess in the develop- 
ment of mineral resources. 

A correct geologic map is the first and most essential basis 
for the study of a mining district ; and where the deposits are 
beds in sedimentary strata, as is the case with coal, and some- 
times with iron-ore and other substances, it furnishes practi- 
cally all that the mining engineer needs for opening and 
exploiting the mines. By the folio publication, however, a 
new avenue is opened for disseminating geologic information 
promptly and without waiting for a final and exhaustive report 
Where important groups of mines are concentrated within 
small areas, special maps of size to fit the folio are made of those 
areas, on the largest practicable scale, accompanied by sections 
and explanatory texts setting forth in concise terms the main 
facts of importance to the miner, and these are published as 
special folios , that is, folios that do not form an integral part 
of the regular Geologic Atlas of the United States In this 
form there have already been published folios covering the 
Cripple Creek and Tenmile districts in Colorado, the Nevada 
City in California, and the Butte district in Montana. A 
folio of this form often supplements a monographic report, iJs 
it meets the demand of the mine-owner for more prompt 
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issue, and may be produced at smaller cost than a monograph. 
On the other hand, it is less likely to result in scientific deduc- 
tions of general applicability, unless it is followed by a mono- 
graphic report. 

During the second decade of the Survey’s existence, there 
has been a decided increase in economic work. One or more 
volumes of the Director’s Annual Deport are now devoted to 
papers of an economic nature, by winch means more prompt 
publication and a wider distiibution are secured for papers of 
this character. In this period five monographs and as many 
bulletins devoted to special mineral deposits have been issued, 
to say nothing of those indirectly bearing upon economic in- 
terests. Three of the five monographs treat of the iron ore- 
deposits of the Northwest, a preponderance that is explained by 
the fact that mine-owners in that region have themselves con- 
tributed many thousand dollars for the preparation of a topo- 
graphic base for the work. 

Another form of economic study, which may be called the 
incidental economic survey^ and which has a very wide field in the 
future, is connected more directly with the folio xinblication. 
When the quadrangle that is being geologically mapped con- 
tains mines that are important, but not so near one another that 
they can be included in a special map, a trained economic geol- 
ogist is detailed to make a special study of these mines, and a 
concise summary of the results is added to the explanatory text 
If these results are of sufficient importance, a more comjilete re- 
jiort is printed in the Director’s Annual Deport, or as a bulletin. 
Such a study has already been made of the Telluride quadran- 
gle, and similar studies of the Silverton quandrangle, in Colo- 
rado, and of the Sturgis and Spearfish quadrangles, in the 
northern Black Hills, are in progress. 

It may be anticipated that in the course of time the inciden- 
tal areal surveys and studies of special minerals will gradually 
supersede those of the small groups of important mines , but at 
Xiresent we have jiluRS made for surveys of a dozen or more 
mining districts in the western portion of the United States, and 
of several in the central and eastern parts, which, under the 
present appropriations, can only be taken up one at a time and 
at considerable intervals. 

Technical Investigation . — ^In the line of what may be consid- 
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ered teclmieal studies, the duties of the Survey toward mining 
industry are less easy to define, for in this line there is more 
danger of encroaching upon the legitimate field of the mining 
engineer or metallurgist. Yet the same general principle is 
applicable here , namely, that the Survey should confine itself 
to those investigations which it is better fitted to make than is 
the individual. Thus, in our early work on Leadville, where 
lead-smelting had recently reached a stage of development 
hitherto unknown in this country, it was thought that a scien- 
tific discussion of the processes involved, in the light of the 
improvements made in practical methods, would be of advan- 
tage to the smelting community throughout the country. It 
was found, however, that so great was the commercial im- 
portance of the industry, and so rapid the advancement in metal- 
lurgic science, that the delays inlierent in a Government pub- 
lication greatly impaired, if they did not altogether nullify its 
value Except in a few special eases, it has not, therefore, been 
thought advisable to follow out this line of work. Incidentally, 
as many are aware, the investigations of Dr Barns in the physical 
laboratory of the Survey on the iron carburets, although under- 
taken for purely scientific ends, have been of far-reaching prac- 
tical importance to the iron industry of the country. This 
serves to illustrate the truth that, however remote from any ap- 
parent practical purpose a theoretic study may he, it is likely 
at any time to prove of practical scientific importance, and its 
application is broadei, as a rule, than that of investigations 
which have only immediate practical ends in view. 

It IS evident that the investigation of technical processes in 
their commercial application is not a legitimate function of the 
Survey. Its employees are expressly shut out from a com- 
mercial use of their knowledge, and are chosen for their pro- 
ficiency in geology rather than in technology There may arise 
cases, however, in which it will appear possible for them to 
determine the underlying principles or laws that should govern 
some widely applied technical jirocess, and m which it will 
seem advisable and proper for them to undertake such inves- 
tigations. 

Commercial or Statistical Investigations . — There remain to he 
considered the relations of the Survey to the purely commercial 
side of the mining industry , and here the principle of doing 
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wliat it IS inherently better fitted to do than is the individual, is 
more easy of application It seems evident that the collecting 
of accurate statistics of the mineral productions of the country, 
which form the most important basis of all mining business, is 
a prime duty of the Survey ISTo branch of statistical science is 
in greater need of technical knowledge and thorough system 
than that which deals with mineral production, and none is 
more liable to be led into error, if the collector’s oxnnions are 
ill any way biased by his interest Theie is no body of men 
more absolutely disinterested than the employees of the Survey, 
since, under the law, they can have no commercial interest in the 
subjects which they treat. Their field of work is so wide that, 
by one or another, a certain personal familiarity with all the 
sources of supply of the various mineral products of the 
country is acquired, which is available for the guidance of the 
statistical division. 

At the last session of the Fifty-fifth Congress an amendment 
was introduced establishing a Division of Mines and Mimiig 
in the Survey. This extended its sphere of statistical work to 
gold and silver, and made a special appropriation for the division 
It also provided means for the more prompt publication of its 
reports Had this amendment passed, it is believed that the 
scope of usefulness of the work of the Survey would have been 
very materially increased. All of its various economic branches 
would then have been conducted under the supervision of a 
single chief, by which means a more uniform and comprehen- 
sive system, both of field work and of publication, might have 
been inaugurated. 

Statistics of Jfmeral Resources — The statistical work of the 
Tenth Census brought together such men as Emmons, Becker, 
Pumpelly, Beckham, Willis, Eldridge, and others who con- 
tributed to the volume on mining. Later, Mr. Albert W illiams, 
Jr , was placed at the head of a division of the Survey created 
for the purpose of carrying out this work, and known as the 
Division of Mining Statistics and Technology. 

Mr. 'Williams’s plans were so well made that the results were 
excellent, and they admitted of simple expansion as the needs 
and facilities of the Survey made such expansion necessary and 
practicable. Mr. Williams’s aim was to use the small means at 
his disposal to secure the co-operation of every individual and 
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institution for that particular contribution upon which he or it 
was the best authority Primary attention was paid to locat- 
ing and describing the known mineral localities, even down to 
those of rare elements. The work was arranged wisely, ac- 
cording to mineral substances rather than geographic regions, 
since each mineral industry was the interest intended to be 
served Tins resulted in the series of publications called the 
“ IMineral Resources of the TJmted States.” The first volume, 
published in 188*3, contained, in addition to a statement of the 
distiibution of our useful minerals, the best estimates obtain- 
able of the total amount of each mineral produced in the year 
1882, and comparative statements of the growth of each in- 
dustry since the Census year — in so far as it could be pre- 
dicted what the results of the Census would be when they 
should finally be imbhsbed. The geographic distribution was 
not neglected, however, but was concisely set forth in a tabular 
statement showing the minerals which might prove useful in 
each district , and the volume contained also separate contribu- 
tions on special themes of mining technology. 

On this foundation a volume has been published each year 
since 1883. The second volume gave greater attention to the 
secondary feature of production and of onr relations as mineral 
producers to the rest of the world, as shown by onr import and 
export trade. The third volume was more limited in scope, 
being published in a transition-period, when Mr. Williams left 
the direction of the work to become Director of the Michigan 
Mining School and was succeeded by Dr. David T. Day. 

These three volumes have certain characteristics which are 
not only interesting hut deserving of attention, now that they 
can be looked at from a historical point of view. While the later 
volumes are probably better known, the three pioneer volumes 
were of unusual importance at the time they were published, 
when facilities were meager and guiding precedents few. They 
show the wmrk of one whose careful judgment harmonized, 
when necessary, the diverse contributions of many co-workers. 
Each chapter was prepared by an expert. Each was a strong, 
terse expression of the conditions of the industry discussed. 
The chapters were as different in scope and in method of treat- 
ment as the materials themselves. Tlniformity was neither 
possible nor desirable, but all were characterized by fair 
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statements of the measure of reliability to which the statistics 
were entitled. 

Dr. Day, who has had charge of the succeeding volumes, 
came to the work with the prejudices of a technologist, but he 
left to the technologic press the subject of mining technology, 
except where some process had etfected a significant develop- 
ment in mining. It seemed essential that the Survey should 
become a source of independent scientific statistics of the amount 
of each mineral produced, since no other agency than the Gov- 
ernment can become the impartial and permanent source of re- 
liable statistics, any more than we could expect coins to prove 
acceptable from other source than the Mint. By the advice of 
such census-experts as Gannett, Weeks and Swank, and with 
the co-operatioii of such statisticians as Kirchhofi’, Birkiiibine 
and Yale, every efibrt was made to secure a list of the mineral 
producers of the Dinted States, and to obtain from each one of 
them, by correspondence and such visits as could be made, a 
statement of his product each year 

The means at command were inadequate to a complete result; 
but each year has seen the lists grow more complete, and has 
shown less necessity for adding to returns by information from 
outside sources. The statistics of mining for the Eleventh 
Census were collected by the Survey This experience added 
greatly to subsequent efi&ciency. At the present time the work 
IS practically an annual census of the product of all mines, ex- 
cept those of precious metals. The statistics of gold and silver 
■were excepted in the original y)lan, in 1882, out of courtesy to 
the Director of the Mint, 'who desired to retain in his own office 
this portion of the work 

When the division abandoned the subject of mining technol- 
ogy, its designation was changed to the Division of Mineral Re- 
sources 111 accordance with the duties implied by this title, 
more and more attention has been paid to statements of the 
geologic and geographic distribution of our mineral wealth, 
whether developed or not, and the immediate future will see 
this important work of the Survey expanded. Special subjects, 
studies of which are now in a more or less advanced stage of 
completion, are the phosphate-deposits of Elorida, the clays of 
the Eastern States, bauxite in Arkansas, fuller’ s-earthiii SouthDa- 
kota, and the asphalts and bitumens of the whole United States 
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Hydrographic Investigations , — For more than ten years the 
Division of Hydrography of the Survey has been making 
measurements of streams and computations of their daily dis- 
charge at various points At the same time, it has been inves- 
tigating the movements of iindeiground waters and the causes 
which give rise to them. The results have economic import- 
ance to the miner in hie underground operations, as he must 
often contend with water, and his ability to dispose of it success- 
fully may govern the question of profits. He often seeks in 
flowing water the power for operating, directly or indirectly, 
mines, mills, etc. In many sections the location of reduction- 
works is governed largely by the question of water-supply 
and its permanence through seasons and years The results 
of the investigations of the hydrographers are sought in con- 
sidering the erection of plants of this character. 

There is also an indirect way in which the question of water- 
supply affects the feasibility or profits of mining. Throughout 
the western third of the Hnited States, from the Rocky Moun- 
tain region westward, there are great deposits of ore, the value 
of which per ton is so small that they cannot be profitably worked 
unless many conditions are favorable, such as cheap foodstuffs 
and ready transportation, by which the cost of living and of labor 
may he reduced. The region as a whole is arid, and farm and 
other products, brought from the humid regions, are exp)ensive. 
By the development of agriculture through irrigation, and the 
building up of small producing communities throughout the 
semi-arid and arid West, the cost of living is greatly reduced, and 
it becomes practicable to work to advantage mineral-deposits 
otherwise unprofitable. This dotting of the country with farms 
and villages is possible through a careful conservation of the 
available waters, such as can result only from a thorough 
knowledge of the natural conditions. This knowledge is being 
obtained, through the Division of Hydrograxiliy, as rapidly as 
the means available will permit. 

Future op the Geolooical Survey in Relation to the 
Mining Industry, 

111 considering the operations of the Survey, past, present 
and future, it must he borne in mind that all estimates for ap- 
propriations are submitted to the Secretary of the Interior, 
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who may reduce or change them as he thinks best, in view 
not only of the operations of the Survey, but of the needs of 
other bureaus of the Department and the sum total of the 
estimates. The estimates, and necessarily the plans, are, again, 
modified by Congress m making the appropriations Special 
legislation is also occasionally needed in order to accomplish 
the best results in work already under way, or to enter some 
new field of investigation. Finally, after Congress has acted, 
all field- and ofiice-plans of the Director, before being xait into 
execution, are subject to the approval or disapproval, of the 
Secretary of the Interior To the practical miner and mining 
engineer all the red tape and delay seems only a useless hin- 
drance to the development of the mining and other industries 
afiected by the activities of the Survey. This is often the view 
of the men engaged in the work , but when a broad view of 
the entire field is taken, such delays and changes as may occur 
are of relatively small moment. 

The work of surveying and preparing on a suitable scale the 
topographic and geologic maps of the 3,000,000 sq^uare miles of 
territory of the Dnited States (exclusive of Alaska) is greater 
than any similar work heretofore undertaken by any nation. 
The study of the original sources of $700,000,000 worth of 
mineral products each year, with the statistics pertaining thereto, 
IS sufficient of itself to keep a bureau of the size of the Survey 
fully occupied. The investigation of water-powers, of artesian-, 
surface- and possible storage-waters, and of domestic water- 
supply, is an undertaking worthy of a strong, lapidly develop- 
ing and rich nation The publication in practical and credit- 
able form of the product of all of the activities of the Survey 
results 111 a contribution in original maps and text larger than 
that of any other scientific organization in existence. 

With such concejitions of the scope of operations in mind, and 
with the results of a decade of work and progress m view, indi- 
vidual and local disappointments and forebodings disappear 
The results already attained by this single bureau of the Gov- 
ernment form a monument to the intelligent interest taken in 
its work by Congress and the hearty support given it by the 
several Secretaries of the Interior. It is my belief, founded on 
years of experience, that the American people, as represented 
by Congress, desire to do what is right and just for govern- 
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mental scientific organizations Individual mistakes and nar- 
rowness of conception and action will occur at times, but as a 
wbole tlie outlook is good, both for science and for the people 
of the nation ' 

I have been led to make the preceding observations because 
it has been not uncommon to hear and read criticism of Con- 
gress and of governmental methods of doing things Govern- 
ments, like individuals, oftentimes learn and act slowlj. 

"With these thoughts in view, let us consider the relations of 
the Government to the mining industry. For several years 
there has been a more or less active movement in progress to 
establish a Department of Mines and Mining. The latest bill 
on the subject, introduced by Mr J. A. Barham, of California, 
has many commendable features , but unless there is a decided 
change of sentiiiient in a future Congress, as compared with the 
last Congress, there wull be nothing accomplished in this direc- 
tion for some time to come. The function of the new Depart- 
ment, as defined’ in the bill, is “ to acquire, by examination, 
practical and scientific experiments, geological research, or 
otherwise, useful information on subjects connected with mining 
in the general and comprehensive sense of the word, and to 
diffuse the same among the people of the Dnited States.” It 
is further provided that the Geological Survey shall be the 
nucleus of the new Department 

In the preceding pages an outline has been given of what has 
been and is being accomplished by the Survey. If the present 
bureau should be given authority to establish a division of 
mines and mining, with an appropriation for extending its 
mining and statistical investigations, all that the Barham bill 
provides for, as quoted above, would soon be an accomplisbed 
fact. 

There is no doubt in my mind that the mining interests of 
the country are entitled to direct recognition by the govern- 
ment. If those interested in the mining industries wish such 
recognition, I would suggest that they first secure legislative 
provision for a division of mines and mining in the Geological 
Survey, and later, if it is found desirable, ask for the establish- 
ment of a Department of Mines and Mining. Meantime, pend- 
ing decisive action, the Geological Survey will continue to aid, 
so far as practicable, in the development of the mineral resources 
and milling industries of the country. 
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PART I— GENEEAL PErN'OIPLES 

Introduction. 

The following paper upon the principles controlling the 
deposition of ores is adapted from a treatise on Metamor- 
phism, to he published hereafter as a Monograph of the United 
States Geological Survey. In the present paper the argument 
can he made only in outline. The argument is especially frag- 
mentary in the treatment of the general principles controlling 
the circulation of underground water. 

It will he held in this paper that the deposition of most ores 
IS hut a special case of the general work of groundwaters, of 
exceptional interest to man In order to understand the 
special problem, it is necessary to have a profound knowledge 
of the general principles controlling the circulation and work 
of groundwaters. In the treatise from which this work is 
adapted I have attempted to treat this subject more fully and 
broadlj^ than has heretofore been done. From this treatise so 
much is abstracted as seems absolutely necessary in order to 
understand the special apxilication of the work of groundwaters 
to the genesis of ore-deposits. "Where points are not covered 
with sufficient fullness, I beg the reader to suspend judgment 
until he sees the full treatise. 

In the treatise, as well as in the following paper, I have of 
course drawn upon the knowledge contained in the writings 
of all previous workers. Eo general treatise upon a broad 
subject IS the work of a single man. It is the conjoint product 
of all previous workers and its writer. In the following dis- 
cussion of ore-deposits I am indebted to all who have contrib- 
uted ideas to this subject, from the great Eischof to Sandberger 
and Posepny I have tried to give full credit to all by numerous 
references, but I cannot be sure that I have done full justice in 
every case A comparison with the writings of others will show 
that I am in accord with Prof. Joseph Le Conte upon more 
points than with any one else.* 

Ore-deposits may be divided into three groups, viz • (A) 

* Tians Am Inst Mvn. Engineei s, yoL xxiv , p 996 ‘'On tlie Genesis of 
Metalliferous Veins,” by Jos Le Conte Am. Jown Sci., 3d series, vol xxvi , 
1883, p. 1 et seq 
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ores of direct igneous origin, (B) ores winch are the direct 
result of the processes of sedimentation, and (C) ores which 
are deposited by underground water. 

Ore-deposits of direct igneous origin are probably of limited 
extent. Certain very basic igneous rocks have been worked as 
iron-ores In Horvvay are sulphide ores of various metals 
which Vogt-*" holds to be a direct segregation from a magma. 
Emmonsf has also favored the idea of at least a first concentra- 
tion of the metallic contents of ore by processes of differentia- 
tion from igneous rocks, more particularly basic ones. In 
many eases where ore-deposits, and especially sulphides are 
supposed to be igneous, the question may pertinently be asked 
as to how far aqueous agencies have worked in connection with 
the igneous agencies. I suspect, in most cases, that even if a 
first concentration has been accomplished by magmatic differ- 
entiation, that a second and more important concentration has 
been performed by underground waters, and this position I un- 
derstand Emmons also to hold. Upon the question as to how 
far some ore-deposits are the direct processes of igneous agen- 
cies I do not propose here to enter. 

To a limited extent ores are also the direct result of pro- 
cesses of sedimentation. As an instance of such ores may be 
mentioned some placer deposits. Possibly some ores are due 
to sublimation. 

However, in so far as ores are of igneous origin, or are tlie 
direct result of the processes of sedimentation, or are the results 
of sublimation, they are excluded from the scope of the present 
paper. I intend here to consider only the third group of ores, 
— ^those produced through the agency of underground waters. 

My first and fimclammtal premise is that the greater number of 
ore-deposits are the result of the work of underground water. 

The Theee Zones oe the Lithospheee 

In another place| I have shown that the outer part of the 
crust of the earth may be divided into three zones, depending 

* J H L Vogt Zettschr Jur pakt Geol, Jan and Apr , 1893, Oct, 1894, 
Apr , Sept , Nov , Dec , 1895 

t Trans Am Inst Min Eng, \ol xxii , pp 53-95 “The Mines of Custer 
County, Colorado,” by S F Emmons llthAnn JRe^t US Qeol Nuru , part u , 
1895-96, pp 470-472 

t “Principles of North American Pre-Cambiian Geology,” by C E. Van 
Hise, 16th An^. Rep U S, Geol Surv for 1894-5, pt i , p. 589 etseq, 1896. 
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upon the character of its deformation an upper zone of frac- 
ture, a lower zone of rock flowage, and a middle zone of com- 
bined fracture and flowage. 

Zone of Fracture. 

The zone of fracture is that near the surface. In this zone 
the rocks are not deformed mainly by flowage, but by fracture. 
They are adjusted to their new positions mainly by rupture and 
differential movements between the separated parts. lYhen 
rocks are deformed in the zone of fracture the ruptures which 
occur are those of faulting, j'ointiug, differential movements be- 
tween the layers (or accommodation), fissility, and brecciation. 
The so-called folds in the zone of fracture are chiefly the result 
of numerous parallel joint-fractures across the strata with slight 
displacements at the joints, giving each block a slightly differ- 
ent position from the previous one, and thus as a whole mak- 
ing a fold Tor instance, the folds of the rigid rocks in the 
Alleghenies are not in the main true flexures, but a series of 
slightly displaced blocks. 

Zone of Flowage 

In the zone of rock-flowage the deformation is by granulation 
or recrystallization, no openings being produced, or at least 
none except those of microscopic size * This conclusion rests 
upon arguments which cannot here be fully repeated. How- 
ever, it may be said in passing that the conclusion that a zone 
of rock-flowage exists at moderate depth is based, first, upon 
deduction from known physical principles as to the behavior 
of solid bodies under pressure, and second, upon observation. 
It IS well known that when a rigid body, such as rock, is sub- 
jected to stress greater than its ultimate strength, it must rup- 
ture or flow If a rock be subjected to a stress in a single 
direction greater than its ultimate strength in that direction, 
and the rock is not under pressure in other directions, rupture 
occurs. However, if we suppose that the rock be subjected to 
stresses greater than the ultimate strength of the rock in all 
directions, and that the difference in the stresses in different 
directions is greater than the ultimate strength of the rock 


* “ Piinciples,” cut , p 594, et seg 
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under tlie conditions in whicli it exists, then if openings could 
he produced hy a rujoture, they would almost immediately be 
closed by pressure In other words, at a certain depth beloiv 
the surface of the earth, if we could suppose that cracks and 
crevices are formed by the deformation to which the rocks are 
subjected, the pressures in all directions being greater than the 
ultimate strength of the rock, these cracks and crevices would 
be almost immediately closed 

Since this conclusion was reached, Adams has actually de- 
formed marble under the conditions supposed to exist at mod- 
erate depth below the earth, with the result that the rock 
changed its form without rupture and with no perceptible 
openings or cracks 

Before the above inductive reasoning or Adams’ experiment 
was made, I had become convinced from observation that at 
moderate depth rocks are deformed with fracture and differen- 
tial movements between the solid particles {granulation), and by 
continuous solution and redeposition by underground water 
(reorystallization).-\ It was calculated that for all but the very 
strongest rocks, dowage must begin at a cleioth not greater than 
12,000 meters,! for at this level the weight of the superincum- 
bent mass IS greater than the ultimate strength of the rocks. 

Factors Injimncmg Depth at Which Flowage Occurs . — ^In the 
case of anticlinal arches a portion of the load may be removed 
by the supporting limbs, and thus the depth of the level at which 
the zone of flowage occurs beneath the arch be theoretically 
somewhat increased. However, it is highly probable that lateral 
stresses and increased temperature which always accompany 
rapid deformation, more than compensate for any removal of 
load. Time is another important factor. It is well known that 
a stress which in a short time is insufflcient to rupture material 
may, if long continued, result in its deformation by flowage. 
The geologist has this factor, time, to a larger extent than scien- 
tists in any other subject, and it is a factor which he has con- 

* Experiments in the flow of rocks are still being made at McGill University 
by Frank D Adams A pieliminary account was presented, to the Geol Soc. 
Am , Montreal meeting, 1897. This is summarized in “ Science,” vol vii , 1898, 
pp 82-83. 

t “ Metamorphism of Eocks and Eock Flowage,” byC E Van Hise Bull G 
S. A , vol IX , 1898, pp 295-313, 318-326 

% “ Principles,” at , p 592. 
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stantly to keep in mind. How important tliis factor is may be 
illustrated by the deformations of rocks as result of very 
moderate long-continued pressures. In some cases, in ceme- 
teries, marble slabs liave been placed korizontally and suspended 
at the ends. In the course of a score or more of years such 
slabs are found to have sagged in the middle a very consider- 
able amount. If the slabs had at the outset been bent to tins 
extent they would have undoubtedly been ruptured. The 
change in form is only possible by rock flowage, either through 
a differential movement of the solid particles with reference 
to one another or by solution and redeposition, i.e , recrystal- 
lization, or the two combined. The consideration of time leads 
me to believe that the limit of 10,000 to 12,000 meters placed 
as the level at which fiowage of the strong rocks must occur is 
probably too great, and observations upon deformation in the 
cores of mountain masses which have been deeply denuded con- 
firm this conclusion Eocks, even of the strongest kind, have 
in many instances been deformed by flowage rather than by 
fracture, when at depths much less than 10,000 meters. 

Other factors, such as igneous intrusions or orogeiiic move- 
ments, increase the heat and pressure acting on the rock, and 
thus tend to diminish the depth at which flowage occiu’s. 

If this reasoning is correct, it follows that all fissures must 
disappear at some depth, and that the maximum depth is 
limited by the depth of the zone of fracture for the strongest 
rocks 

Zone of Combined Fracture and Flowage. 

There is a zone of combined fracture and flowage below the 
zone of fracture, because rocks have varying strengths, because 
there is great variation in the rapidity of deformation, in the 
temperature at which the deformation occurs, in the moisture 
present, and in various other factors. A weak rock, for instance 
a shale, may be deformed by flowage at a much less depth than 
a strong rock, such as a granite. Thus the belt of combined 
fracture and flowage is of considerable thickness, possibly as 
thick as 6000 meters. In this zone we have all combinations 
of the phenomena of fracture in the various ways above men- 
tioned, and of flowage by granulation and recrystallization 

It is highly probable that the openings of the zone of fracture 

VOL XXX — 3 
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gradually decrease in size as depth increases, until in the zone 
of flowage the openings are, as already explained, microscopic 
or non-existent If a gradation such as indicated exists, it is a 
necessary corollary that the deformations of the zone of frac- 
ture must have their equivalents in the deeper seated zone of 
flowage and flexure. This point I have fully developed in other 
places.'*' It is explained that in depth faults are replaced hy 
flexures, and that any deformation of a large mass of a given 
rock from one form to another hy fracturing may be paralleled 
by similar changes of form in the zone of flowage, the result 
being there accomplished by granulation of the mineral par- 
ticles or by recrystallization, or by both 

It might be thought that the above general statement is a 
deduction which cannot be confirmed by observation, but such 
is not the case. Many rocks which have been deformed in the 
zone of flowage or in the zone of combined fracture and flow- 
age, as a consequence of denudation have reached the surface, 
and one is able to observe all the transition phenomena of de- 
formation between the zones of fracture and flowage These 
I have somewhat fully described in another place f An excel- 
lent illustration of the deformation of a rock mainly by flowage, 
but in a subordinate way by fracture, is the Berlin rhyolite- 
gneiss, described by Samuel Weidman I The formation of 
this rock was mainly that of recrystallization, but many of the 
mineral particles were granulated.* Also many minute joint 
crevices were formed which were subsequent!}" filled by cemen- 
tation. 

It follows from the above reasoning that fissures may dis- 
appear at diflfereiit depths below. "Where there are fractures 
with large displacements, fissures are likely to extend to very 
considerable depths. In proportion as the displacements are 
small, the fissures are likely to disappear below at less depths, 
furthermore, as has already been explained, certain rocks are 
deformed by flowage at a much less depth than are other 
rocks. Therefore, in a region in which there is a great shale 


“ Principles,” ci^ , p 676, “ Metamorphism,” cii , pp 313-318. 
f “Principles,” ai , pp 601-603, “Metamorphism,” cii! , pp 312-313 
t “A Contribution to the Geology of the Pre-Cambiian Igneous Eocks of the 
Fox Bivei Valley, Wisconsin,” by S Weidman. JSull JFis Oeol and Nat. Mist 
Smv , No III , pt 2, 1898 
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or slate formation at a moderate deptli, a strong fissure in more 
brittle rocks at tlie surface may disappear as it encounters the 
shale formation, being replaced there by a fiexure. I have 
little doubt that considerable fissures thus disappear at a depth 
less than 1000 meters 

Illustrations of the disappearance of fissures vuth depth are 
found at various places In the gold belt of the Sierra Kevadas, 
Lindgren* says it is “ an incontestable fact that many small 
veins close up in depth.” 

Hot only may fissures die out below, but fissures may disap- 
pear above, the fault along the fissures being replaced by a 
flexure in the overlying stratum, which yields by flowage. 
This is beautifully illustrated by the Enterprise mine, of 
Eico, Gob, described by Eickard,t where faulted fissures in 
sandstone and limestone disappear above, at the place where 
shale IS encountered, the shale accommodating itself to the frac- 
tures below by monochnal flexures. (See Fig. 9, p 154 ) 

The marked effect which the character of the country rock 
may have upon the nature of a fissure is well illustrated in the 
Cripple Creek district, where, according to Penrose,! the fis- 
sures in the hard rocks are sharp, clean-cut breaks, while in 
the soft rocks they are ordinarily a senes of very small cracks, 
constituting a displacement of a kind which I call a distributive 
fault. Well illustrating this are mines which are partly in hard 
and partly in soft rock “ The vein on which the Buena Vista, 
Lee, Smuggler, and Victor mines are located occupies a sharp, 
clean-cut fissure, partly in the massive rock and partly in the 
hard breccia; but when it passes into the soft, tutaceous 
breccia on the east slope of Bull PIill the fissure is represented 
only by faint cracks occupied by no vein of importance In 
this case the force which caused the fissure overcame the co- 
hesion of the harder rock sufiS.ciently to make a clean break, 
but ill the more plastic rock it overcame cohesion only to the 


* “The Gold-Qnaitz Veins of Nevada City and Grass Valley, California,” by 
Waldemar Lindgren, llih Ann Eept U. S. Geol Surr , pt n., 1895-96, 

p 162 

t “The Enterprise Mine, Kico, Col ,” by T A Eickard, Tians Am Inst 
M%n Engines) s, vol. xxvi , 1897, pp 906-980 
t “Milling Geology of the Cripple Cieek District,” by E A. F Penrose, Jr. 
l%ih Ann JRept U S Geol Swv , pt ii , 1894-95, p 144 
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extent of causing a series of faint fractures without any one 
well-defined break 

This point of transition between the zone of fracture and the 
zone of flowage and the dying out of fissures below is dwelt 
upon ill order to exclude the hypothesis of filling of fissures 
from the bottom If fissures gradually decrease in size and 
finally die out, the streams which make their way into the fis- 
sure must enter from the side or from above. For further de- 
velopment of this point, see pp. 80-82. 

Ill closing the subject it may be said that in all cases where 
rocks have been deformed in the zone of rock flowage, or in 
the zone of combined fracture and flowage, and are now at the 
surface, there will be superimposed, upon the effects of the 
deep-seated deformation, the deformation by fracture, resulting 
from earth mo-vements during the time the rock is slowly mi- 
grating through the zone of fracture to the surface. 

The 'Water-Content and Openings in Eocks. 

Since the ore-d'eposits considered in tins paper are the work 
of underground water, and since the flowage of underground 
water is mainly through the openings in rocks, it is necessary 
to consider the condition of the water in the openings and the 
character of the openings which may occur in rocks. 

As to the content of water the zone of fracture may be di- 
vided into two belts, an upper belt above the level of ground- 
water called the belt of weathering and a lower belt below the 
level of groundwater called the belt of saturation. Above the 
level of groundwater the openings in the rocks are ordinarily 
only partly filled with liquid. Under difierent conditions, which 
need not here be discussed, the water in the openings varies 
from an exceedingly small fraction of that required to fill the 
openings, to saturation. 

Condition of Water in the Zone of Fracture. 

In the belt of saturation, from the level of groundwater to 
its base, if it be limited to a depth of 10,000 meters, the Iip is 
in liquid form, as water. The water is, however, for much of 
the belt superheated. If the increment of increase of tempera- 


* Loc at , p 144 
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ture 1)6 taken as 1° C for every 30 meters, the critical tem- 
perature of water, 364° C , would be found at a depth of 10,920 
meters At any given place the water is subject to the pressure 
of the superincumbent column. The fj[uestion, whether hydro- 
static pressure increases at a rate sufficient to prevent the vapor- 
ization of the water, must be answered 

If the temperature of the water were 100° 0 , or just at the 
boiling-point at the surface of the earth, the most unfavorable 
assumption to holding the water as a liquid in the zone of 
fracture, it would still be true that the water would be in the 
form of liquid in this zone, as is shown by the following 
table based upon this supposition, column (1) being tempera- 
tures, column (2) being pressures necessary to hold H 2 O as a 
liquid at these temperatures, column (8) being depth in meters 
at which the pressures would be produced, column (4) being 
the depth which would be required to produce the temperatures 
on the supposition that the increment of the increase of tem- 
perature is 1° 0. for every 30 meters, and column (6) being the 
actual temperatures which exist upon this supposition at the 
depths represented by column (3) 


Temperatures 
(100° C at Sur- 
face) 

(2) 

Pressures Corre- 
sponding to 
Temperature of 
Col 1 

(3) 

Depth Necessary 
to Produce 
Pressure of Col 2 

(4) 

Depth Necessary 
to Produce 
Temperature of 
Col 1 

( 5 ) 

Temperatures Actu- 
ally Existing at 
Pressures and 
Depths of Cols 2 
and S 

Deg C 

Atm 

Meters 

Meters 

Deg C 

120 

2 

20 

600 

100 66 

180 

10 

100 

2,400 

103 33 

225 

25 

250 

3,750 

108 33 

265 

51 

510 

4,950 

117 00 

310 

99 

990 

6,300 

133 00 

340 

148 

1,480 

7,200 

149 33 

365 

205 5 

2,055 

7,950 

168 33 


From this table it will be seen that the hydrostatic pressure 
at various depths is far in excess of that required to hold the 
water in the form of a liquid , or, looked at in another way, for 
any given depth the temperature is not sufficiently high to allow 
the water at that depth and pressure to exist in the form of a 
gas. 

Therefore, where the increase of temperature is normal, the 
pressure at any point down to the level at which the critical 
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temperature of water is met is clearly much more than adequate 
to prevent the water from changing to steam. Where magma 
is intruded in the lithosphere, the temperature may become so 
high that this statement will not hold. This, however, is the 
exceptional, not the usual, case. Furthermore, it is conceivable 
that as result of deformation itself the temperature of the rocks 
might rise so high as to convert the water present into the form 
of steam. This possibility will not be discussed. However, it is 
believed to be probable from investigations upon metamorphism 
that this condition of affairs rarely if ever obtains, since, as I 
have elsewhere explained, long before the critical temperature 
of water is reached, solution and deposition of rock material, or 
recrystallization, readily takes place, and in this change the 
work converted into heat is far less than in mechanical granu- 
lation.^ 

The Openings in Bocks. 

The openings in rocks include (1) those which are of great 
length and depth, as compared with their width, and thus are 
essentially flat parallelepipeds ; (2) those in which the dimen- 
sions of the cross-sections of the openings are approximately the 
same, and therefore resemble tubes of various kinds, and (3) 
irregular openings 

(1) The openings of the first kind are those of faults, of 
joints, of fissility, and of bedding partings. The openings of 
this class are likely to be continuous for considerable distances. 
This is true to the largest extent of fault openings, is true to a 
less extent of joint openings and bedding partings, and to a still 
less extent of the openings of fissility. It is recognized that 
many of the fissures are exceedingly complex. They are, in- 
deed, in many instances, a series of parallel or intersecting frac- 
tures, forming a zone of brecciation However, for such a zone, 
as a whole, the statement still holds that the openings have great 
length and depth as compared with their width In position, 
the joint-, fault-, and fissility-openings ordinarily have an im- 
portant vertical element, or at least traverse the beds. Frequently 
they are nearly vertical, or traverse layers of formations at right 
angles. In consequence of this, they are very important factors 


“Metamorphism of Eocks and Eock Flowage,” by C E. Van Hise, Bull 0 
S. A , vol. IX , 1898, pp 310-311, 313-318. 
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in the flowage of underground water Relatively pervious for- 
mations separated by impervious formations may be thus con- 
nected Pervious formations overlain by impervious formations 
may be connected with the surface Bedding-partings are 
parallel to the layers. Since underground waters very fre- 
quently follow formations, the bedding-partings, which extend 
long distances, become very important factors in the promotion 
of flowage parallel to the formations. This is especially true 
of the contact of formations of different character These con- 
tacts are places of maximum differential movements, of conse- 
quent complex fracturing, and therefore of important openings 
and large circulation. 

(2) The spaces of the second class are those of the mechani- 
cal sediments, including conglomerates, sandstones, soils, tuffs, 
etc. The openings of mechanical sediments have a strong ten- 
dency to a definite form, and are continuous. The forms of 
these openings have been fully discussed by Slichter.* The 
openings alternately narrow and widen At their wider parts 
their sections are roughly polygonal, the polygons having more 
than three sides, and these are curved. At their narrowest places, 
the cross-sections of the openings approximate to triangles, and 
where the grains are of equal size, the triangles are equilateral 
The form of the tubes at their minimum cross-section is due to 
the contact of three grams in a plane, the space between which 
18 nearly triangular. 

(3) Irregular openings are those of the vesicular lavas and 
the irregular fractures of the rocks. They are in part con- 
tinuous and in part discontinuous In rocks where the open- 
ings are exceedingly irregular in form, the flowage of water is 
limited to the continuous openings, however small they may be. 

Openings of any of the above classes, whether a result of 
deformation or produced by original sedimentation or formed 
in connection with volcanic action, may be enlarged by solution. 
Indeed, this will be the case wherever the processes of solution 
more than counterbalance the processes of precipitation. It is 
later explained that this is the more likely to occur with down- 
ward moving water than with upward moving water. Since 


“Theoretical Investigation of the Motion of Ground Waters/’ by C S 
Slichter, IWi Ann Bept U S Geol Suiv , foi 1897-98, pt. ii , pp 305-323 
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down-ward moving waters are dominant above the level of 
groundwater and prominent in the upper part of the belt of 
saturation, it is in this area that openings are most frequently 
enlarged by solution (See pp. 72-74, 168 ) It has been argued 
by Posepny that openings serving as channels for underground 
^vater may be wholly produced by solution. That openings may 
be somewhat prolonged and different openings connected by 
solution, thus helping underground circulation, is more than 
probable, but that important passages are produced wholly by 
solution is an assumption which I think has not been verified 
by the facts of observation. 

Size and Number of Openings . — Large openings are favorable 
to rapid flowage Small openings are unfavorable to rapid 
flowage. This results from the fact that the friction between 
the walls and the moving column steadily becomes greater for 
a given volume of water as the openings become smaller. 
Large openings are favorable to a somewhat direct course. 
Small openings are favorable to a circuitous route. The direct 
course of water in large openings is illustrated by limestone 
regions, where there are numerous large joints and caves within 
which the water is quickly concentrated This being the case, 
the flowage of water is very largely in the upper part of the 
zone of fracture. Where the openings are small, a circuitous 
route must be taken, for to pass a given volume of water from 
one point to another it is necessary that a wide range of open- 
ings must be used. This is more fully explained, pp. 54-62 

Fault, joint, bedding, and fissility openings may be so nu- 
merous that the pore-space is very large Upon the average 
fault openings are farther apart, but larger than the joint open- 
ings, and joint openings are wider spaced and larger than the 
openings of fissility. It cannot be said which kind of openings 
upon the average gives the larger pore-space. Since, however, 
large openings are favorable to rapid flowage, for a given pore- 
space the fault openings are likely to give a greater flowage 
than joint openings, and joint openings a greater flowage than 
those of fissility. This follows from the greater size of the 
fewer openings To this is to be added the element of greater 

* "The Genesis of Ore-Deposits,” by F Posepny, Trans Am Inst Min. 
Engineers, vol xxiii., 1894, pp. 207-212 
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continuity of the larger openings Therefore, mtli a given 
pore-space, the flowage may he vastl}’' greater in the case of 
faults than in the case of joints, and much greater in the case of 
joints than in the case of fissility It will later he explained 
that the larger openings are occupied hy the trunk streams, and 
that in these openings ores are most likely to he concentrated ; 
hence, ore-deposits most frequently form in fault-fissures, less 
frequently in joints, and still less frequently in the smaller and 
more discontinuous openings 

If the principle that large openings are favorable to rapid 
fiowage he applied to mechanical sediments, it follows that with 
a given pore-space the coarse conglomerates fuinish a much 
larger fiow than fine conglomerates, the fine conglomerates a 
larger flow than the sandstones, and these a vastly larger flow 
than the fine-grained shales. 

Upon the basis of size, openings in rocks may he divided into 
(a) openings which are larger than those of capillary size, or 
supercapillary openings, (h) capillary openings, and (c) sub- 
capillary openings. 

Tor water, openings larger than capillary openings, accord- 
ing to Daniell,* may he circulai tubes which exceed .508 mm. 
in diameter, or may be sheet-openings, such as those furnished 
by faults, joints, etc , whose widths are one-half of this or 
exceed .254 mm To movement of water in such openings 
the ordinary laws of hydrostatics apply Capillary openings 
for water solutions include those which, if circular tubes, are 
smaller than .608 mm. in diameter, or, if sheet sjDaces, are nar- 
rower than .254 mm , and which in either case are larger than 
the openings in which the molecular attractions of the solid 
material extend across the space Such openings in the case 
of circular tubes are those smaller than 0002 mm. in diameter, 
or, if sheet passages, are below 0001 mm. in width Capillary 
openings therefore include circular tubes from .508 mm. in di- 
ameter to .0002 mm. in diameter, and sheet passages from .254 
mm. in width to those .0001 mm. in width. Capillary openings 
of other forms have a range limited between .508 mm and 
0001 mm , but no one form has so wide a range as this To 
movement of water in openings such as these the laws of cap- 


* Text-Book of Phystci), by Alfred Daniell, 3d ed , 1894, pp 277, 816 
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illary flow apply. By subcapillary openings are meant those in 
which the attraction of the solid molecules extends from wall 
to wall. These include all tubes smaller than .0002 mm. in di- 
ameter, and sheet openings smaller than .0001 mm. in width. 
For intermediate forms the subcapillary openings have as their 
maximum limit a range from .0002 mm to 0001 mm 

Within this paper I cannot fully discuss the laws of flowage 
for each of these classes of openings and their application. 
This is fully done in a treatise on ‘‘ Metamorphism,” from 
which this paper is abstracted It is, however, necessary to 
summarize the laws of flowage of water in each of the three 
classes of openings. 

The flowage of water through supercapillary tubes nearly 
follows the ordinary laws of hydrostatics, i e , the flowage of 
water is as the square root of the pressure due to head. If 
Y = velocity, H = pressure due to head, and Gr = force of 
gravity, then Y = i/2GH For instance, the velocity result- 
ing from a head of 10 cm would be the square root of 
2 X 981 X 10 cm. 

This formula is only approximately correct, for the internal 
friction in supercapillary tubes is dependent upon the viscosity 
of the solutions (a factor considered on p 66), upon the regu- 
larity of the tubes, and upon the velocity of flowage If the 
tubes are not straight, eddies will form which will increase 
the internal friction and decrease the speed of movement. In 
the long, rough, irregular underground passages not of deter- 
minable size, eddies may so increase the internal friction as to 
render the formula of hydrostatic flow inapplicable Further, 
as a result of the viscosity, the resistance increases with increase 
of velocity, so that where the velocity of movement is consider- 
able, even if the tubes are open and continuous, the formula 
gives too high results. 

The flowage of water with a given head in supercapillary 
openings is very rapid indeed, as compared with the smaller 
openings. The supercapillary openings include the greater 
number of the fault openings, joint openings, bedding partings, 
many openings of flssility, and the openings in the coarser 
mechanical sediments, such as very coarse sandstones, and 
conglomerates. 

According to Poiseuille’s law, the flowage of water in capil- 
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lary openings is proportional not to the square, as in snpercap- 
illary openings, but to the fourth power of the radius ; is pro- 
portional not to the square root of the pressure, as in supercap- 
illary openings, but to the pressure ; is inversely proportional 
to the length of the tube , and is indirectly proportional to the 
viscosity of the liquid * 

-Prom the foregoing it follows that the flow in a tube with a 
radius of 2 mm in diameter would be sixteen times as great 
as in a tube 1 mm in diameter Furthermore, in a tube of 
a definite length, if the pressure be doubled the flow would be 
doubled, if trebled the flow be trebled. With a given pressure, 
if the length be doubled the flow would be diminished to one- 
half, if trebled to one-third The viscosity of underground 
waters decreases rapidly with the temperature, being only one- 
fifth as much at 90° 0 as at 0° C. Therefore, with capillary 
tubes of a given size the flowage would be five times as fast at 
90° C. as at 0° C 

How important the laws of capillary flow are in the move- 
ment of underground water and the production of ore-deposits 
will be understood when it is known that the openings of all 
ordinary sandstones and mechanical sediments are capillary 
openings Furthermore, it is to be remembered that at a 
depth of 2700 meters, supposing the increment to be 1° 0. for 
30 meters, the temperature is 90° C. Therefore this fact, 
because of decreased viscosity, is very favorable to the flowage 
through the openings at considerable depth. 

notwithstanding the increased mobility of water, the circu- 
lation in small capillary tubes is very slow indeed , so slow 
that layers of rocks in which the openings are of small capil- 
lary size, such as those of dense clays and shales, are spoken 
of as impervious. Although this is not exactly true, the move- 
ments of water through such materials is slow as compared with 
the movement in larger capillary openings. 

Openings of the third class are subcapillary. In these the 


According to Poiseuille, the general formula for the flow through a tube of 

circular section is f = in which / is the discharge in cubic centimeters per 
8/il 

second, a is the radius of the tube, I its length, p is the difference in pressure at 
its ends in dynes per square centimeter, and is the coefficient of viscosity of the 
liquid (See Theoretical Investigation of the Motion of Giound Waters,” by 
C. S. Slichter, 19iA Ann JRep U. S Geol Surv , pt. ii., p 317 ) 
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attraction of the solid molecules extends from wall to wall. 
The water is held as a film glued to the walls by the adhesion 
between the water and rock There is no free water. In such 
openings as these the flowage must be exceedingly slow 
or ml. Subcapillary openings as here used include also inter- 
molecular spaces. 

It IS evident, from the reasoning given on the preceding 
pages, that the openings in the zone of rock-fiowage are those 
of subcapillary size Furthermore, it is evident that the sub- 
capillary openings are discontinuous. It has been seen that at 
a depth greater than about 11,000 meters the water probably 
has a temperature greater than the critical temperature of water , 
but in the opinion of some physicists the liquid state may per- 
sist even after the critical temperature be passed.* "Whether 
the HjO below this depth is a liquid or is water-gas cannot cer- 
tainly be determined; but it maybe supposed that the viscosity 
is comparatively small. Furthermore, the water is under enor- 
mous pressures. Under circumstances of temperature exceed- 
ing the critical temperature of water and very great pressure, 
one would be rash to assert that water does not pass through 
the exceedingly small subcapillary spaces of rocks in the zone 
of flowage, or possibly also through the intermolecular spaces 
Some movement of water might also occur in connection with 
the processes of solution and deposition, or recrystallization, 
which, as I have explained, is characteristic of this zone. That 
is to say, the mobility within the solid material implies at least 
an equal mobility in the liquid material which is also present. 

In reaching a probable conclusion it is, however, to be 
remembered that it must be assumed that the rocks of the 
lower part of the lithosphere are also probably saturated with 
water, and that the pressure above is resisted by equal pressure 
from below. Doubtless, under the changing conditions caused 
by rock deformation, metamorphism and denudation, and by 
other vicissitudes to which the lower part of the lithosphere is 
subjected, the water-pressures become unequal at various times 
and places, and at such times and places there would be an 
undoubted tendency for water to move from places of great 
pressure to places of less pressure. 


Preston, “Theory of Heat,” p 378. 
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■Whatever conclusion may he reached as to the possibility of 
the circulation of water in the zone of rock-flowage, it will 
probably be agreed by all that the circulation, if it occurs at 
all, must be exceedingly slow. Indeed, upon this point we are 
not confined to deduction. We have an almost certain infer- 
ence from the character of the alterations which occur in the 
zone of rock-flowage. In my treatise on Metamorphism I 
show that within the zone of fracture, immigration and emi- 
gration of rock-material is very great, and that the composition 
of a rock may within this zone be materially modified as a con- 
sequence. However, while a rock in the zone of flowage may 
be transformed from a massive form to a schist or a gneiss, the 
composition of the resultant schist or gneiss is almost identical 
with that of the original rock. Had there been rapid and 
extensive circulation of water within this belt, it would have 
been inevitable that the compositiO'n of the resultant metamor- 
phosed rocks would have been difterent 

Ore-Deposits Derived from Zone of Fracture. 

We conclude from the foregoing that while underground 
circulation of water upward, downward,, and lateral, is a possi- 
bility within the zone of rock-flowage, it is very slow, and that 
it cannot be appealed to to explain metalliferous deposits If 
any one asserts that the metalliferous materials of mineral veins 
are derived by water circulation from the centrosphere,'^ or are 
derived from the lithosphere* below the zone of rock-fracture, 
I hold this to be a pure unverified assumption for which there 
has not as yet been adduced one particle of evidence, and op- 
posed to wdiich stand well-known principles of physics con- 
cerning the movement of water in minute openings, and all 
observations which have been made as to. the actual changes 
which have taken place in the rocks- oace within the zone of 
rock-flowage. 

The original source of much of the material for the metal- 
liferous deposits may, indeed, be largely the centrosphere or the 
lower part of the lithosphere ; for from these sources vast masses 


* Tlie term lithospLere is here applied to the outer shell of earth, which is 
known to be solid The term centrospheie, following Powell, is applied to the 
cential mass within the lithosphere comprising the greater part of the world, as 
to the character of which we have no definite knowledge 
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of volcanic rock are injected into the zone of fracture or brought 
to the surface. This is especially true during great periods of 
vulcauism. Furthermore, it is vj’ell known that in regions of 
volcanic rocks many ore-deposits are found. Also it is believed 
that all the rocks of the lithosphere were originally igneous, 
and that from these igneous rocks the sedimentary rocks have 
been derived by the epigene forces, z.6., the forces working 
through the agencies of atmosphere and hydrosphere. It fol- 
low^s, therefore, that the. metals of ore-deposits, either directly 
or indirectly, are derived from igneous rocks. However, the 
ores are directly derived from rocks in the zone of fracture by 
circulating underground waters. The rocks which furnish the 
metallic compounds may be intruded igneous rocks , they may 
be extruded igneous rocks; they may be the original rocks of 
the earth’s crust, they may he sedimentary rocks derived hy 
any of the processes of erosion from primary rocks; they may 
he the altered equivalents of any of these classes 

That there is a sufficient amount of metalliferous material 
within the rocks of the zone of fracture to account for all 
metallic deiDosits wall be admitted by all. It is well known 
that the amount of material which it is necessary to suppose 
to be originally present in the country-rock within the reach 
of the underground water circulation m the zone of fracture, 
in order to fully account for the ore-deposits, is an exceedingly 
small fraction of 1 per cent ; such small fractions in the case 
of the rarer metals that the numbers have little significance to 
ns. Even in the case of the common metals, such as iron, lead, 
zinc and copper, the fraction of a per cent, which it is necessary 
to suppose to be present is exceedingly small This is well 
illustrated by the lead- and zinc-district of southwestern "VYis- 
consin. Here, according to Prof. Chamberlin, Mr. Buell has 
calculated that if the source of the metal in the Potosi district, 
the richest in the region, be restricted to a layer 100 feet deep 
and limited on the outside of the area of paying crevices by 
half the average distance between the crevices, to account for 
all the lead which had been taken out, it ivoiild only be neces- 
sary to suppose that the rock contained “ one-fonrteen-hun- 
dredth of one per cent., or a little more than seven millionths 
part of the rock.”* 

* “ Ore-Depo&its in Southwestern Wisconsin,” by T C Chamberlin, Qeol oj 
IFis , vol. ir , 1882, pt I’T , p 538. 
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The second fundamental premise of this 2Mper IS, that the material 
for ore-deposits is derived from rocks within the zone of fracture. 

The Source of Underground Water 

Since it has been shown it cannot be assumed that there is 
any considerable circulation of underground water in the zone 
of rock-flowage, it follows that we cannot suppose that the 
water of the zone of fracture passes into or is derived from the 
zone of rock-flowage on any large scale. Doubtless this trans- 
fer does take place to some small extent Also, through the 
agency of vuleanism water occluded in magma is transferred 
from the zone of rock-flowage, or even possibly from the ccn- 
trosphere, to the zone of rock-fracture furthermore, hydration 
and dehydration of the rocks are constantly taking place, and 
these processes may not balance. However, the amount of 
undergroand water coming from the deep-seated zone of rock- 
flowage in these ways at any one time is relatively small, and 
therefore the meteoric water entering the crust suhstantiany 
balances that issuing from it. Hence, so far as the main work 
of ore-deposition is concerned, the water is that of the zone of 
rock-fracture, and this water is water of meteoric origin, which 
makes its way from the surface into the ground, and there 
performs its work and issues to the surface again. 

The third poremise of this paper is that by far the major part of 
the water depositing ores is meteoric. 

The Cause of the Flowage of Underground Water. 

The fourth premise of this paper is, that the flowage of under- 
ground uater is caused chiefly by gravitative stress. 

Gravity is effective in the movement of underground water 
in proportion to the head. Head is due to the fact that the 
water entering the ground at a certain level, after a short or 
long underground journey, issues at a lower level. 

The efficiency of gravity is also dependent upon temperature. 
In BO far as w^ater is warmer at its point of issuance than it was 
when it joined the sea of underground water, this is favorable 
to circulation, and gives an effect in the same direction as head. 
This is due to the fact that the density of water varies inversely 
with the temperature. 

Taking the volume of water at 4° C. as 1, its volume at 60” 
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C. would be 1 0120, at Y6° C would be 1 0258, and at 100° 
C. would be 1.0432 Therefore the increase in the tempera- 
ture of underground water may lessen its density as much as 4 
per cent without exceeding its boiling-point at normal pressure, 
and a diminution of density of 1 per cent or more is probably 
not uncommon. It is therefore evident that in columns of 
water of equal length the stress of gravity is considerably 
greater upon the eolumn having the lower temperature. That 
the difference m gravitative stress, due to difference in tem- 
perature, may be sufficient to produce rapid circulation in 
pipes which are super capillary, is shown by the use of the 
principle iii the hot-water system of heating buildings Under- 
ground, as in the hot-water system of heating, heat is the 
energy which causes the water to expand, and gives a differ- 
ence in density, "When heat has jiroduced a difference in 
density of the two columns, gravity is the force which inaugu- 
rates and maintains the circulation. 

It is believed that underground circulation may be promoted 
ill an important degree by difference in temperature of the 
descending and ascending columns of water, resulting from 
heat abstracted from the rocks, due wholly to their normal 
increment of temperature with depth Later it will be shown 
that the downward moving water is ordinarily dispersed in 
many small openings and moves relatively slowly Therefore it 
may be supposed at any given place to have approximately the 
temperature of the rocks The upward movement of w’ater, 
upon the contrary, is shown to be usually in the larger open- 
ings and relatively rapid Therefore at any given place its 
temperature is probably higher than is normal for the rocks at 
that depth. The result is to give the descending and ascend- 
ing columns a difference in temperature, the ascending column 
being hotter. As already noted, the expansion of water with 
increase of temperature is considerable, amounting to over 4 
per cent between 0° C and 100° C., that is, a given mass of 
water would occupy a volume 4 per cent, greater. In other 
words, if there is an average difference of 100° C. in tlie ascend- 
ing and descending columns, 100 feet of the downward moving 


* “Exercises in Physical Measurements,’’ by L. W Austin and C. B Thwing 
1896, p 151. 
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water would balance 104 feet of the upward moving water. If 
we suppose the descending and ascending columns to be con- 
nected, of equal height, and having an average dilfereuce of 
100° C in temperature, this would be equivalent to a head of 
4 feet per 100 feet all along the length of the column. Prob- 
ably the difference in temperature between the columns is not 
often so great as 100° C , but the illustration shows that the 
difference in temperature between ascending and descending 
columns of the same length may give a sufficient stress to over- 
come friction and viscosity, and give a somewhat rapid move- 
ment to underground water. 

As an illustration of the xirinciple may be mentioned the 
water-power of the sea-mills of Cephalonia, which, according 
to the Crosbys, is wholly due to the difference in the tempera- 
ture of the descending and ascending waters ^ In regions 
where vulcamsm or dynamic action has lecently occurred, the 
difference in density resulting from difference in temperature 
in the descending and ascending columns may be an even 
more important influence in the circulation of the underground 
waters than in regions where the high temperature is due to 
the normal heat of the rocks. Such a region is the Yellow- 
stone Park 

In some cases the issuing water throughout a great region 
IS very clearly at a higher temperature than the entering water, 
and in such regions this difference in temperature must be a 
very important factor in its underground circulation. In such 
cases the difference in temperature of the descending and as- 
cending waters generally results from the normal increase of 
temperature due to depth, from regional vulcamsm, and from 
the rocks having a higher temperature than normal because 
of recent orogeuic movements. 

An excellent illustration of such a region is the Cordilleran 
region of the western United States, in which there are many 
valuable ore-deposits. G-ilbertf and others have shown that 
scattered throughout this vast region, occupying nearly one- 

' “ The Sea-Mills of Ceplialonia,” byW F Crosby and W 0 Crosby, Ac/i. 
Quai , vol IX , 1896, pp 6-23 

t “The Geology of Portions of Nevada, Utah, Califoinia and Arizona, Ex- 
amined in the years 1871 and 1872,” by G K Gilbert, JSept. Oeog, and Geol 
Surveys west of 100th Meridian, vol. iii , 1873, pt 1, pp 14.8-149. 
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tliircl of the United States, are many hot springs, the tempera- 
tures of which vary from 37° C to 100° C. More numerous 
than these are the warm springs, the temperatures of which are 
helow hlood heat. The warm springs may be considered as 
including those between 18° C and 87° C According to 
Gilbert, the water of all the foregoing springs exceeds the mean 
annual temperature of the region by 8 3° C. 

Although we have no data by which to verify the statement, 
I have no doubt whatever that the springs, the temperature of ^ 
which IS above the mean annual temperature, but less than 
8.3° C above, exceed by many times the total of all springs 
the temperatures of which are 8.3° C or more above the normal 
temperature of the region. And it is to he remembered that 
a slightly increased temperature of issuing water over that of 
the falling water through the vast number of springs and 
through seepage is of far greater quantitative importance than 
the marked increase of temperature in the comparatively few 
warm and hot springs. This illustrates the old principle 
that the widespread, moderate forces are incomparably more 
important than the more conspicuous, but more circumscribed 
forces 

"While gravity is the only important force to which appeal can 
he made to account for tlie circulation of waters producing ore- 
deposits, circulation in some small degree does result from 
other immediate causes. For instance, earth movements may 
deform the rocks, and in this process squeeze out the water, 
as in the production of the crystalline schists from the sedi- 
mentary rocks. If the deformation of the rocks he referred 
to their ultimate cause, gravity, even the circulation of the 
water resulting from deformation is indirectly due to the stress 
of gravity. Hoivever, the important immediate causes of move- 
ments of underground water below water level are two — gravity 
and deformation. 

But whatever the cause of the flow of underground water, 
the direction of movement is from places of greater pressure 
to places of less pressure. A current going in any direction 
is evLcleiice of an excess of pressure in the rear of the current. 
Thus, water which enters by seepage or through capillary tubes 
into a larger opening, such as a fissure, must he under greater 
pressure than the column of water into which it makes its 
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way Wlietlier the motive force in the movement of the 
water is difierenee in gravitative stress or deformation, or any 
other cause, the excess of pressure resulting in movement is 
behind the current. 

In the foregoing statement as to the cause of the movement 
of underground water, only the vertical component of the 
columns has been considered The horizontal component of 
the column has no effect So far as there is horizontal move- 
ment, the energy required for this movement to overcome fric- 
tion and internal viscosity is deiived from the forces already 
mentioned, — that is, giavitative stress or deformation. 

Belts of Underground Circulation. 

The circulation of underground water is divided into two 
parts that of an upper belt above the level of groundwater, 
and a lower belt below the level of groundwater 

U])per Belt of Underground Circulation — The upper belt of 
underground water circulation extends from the surface to the 
level of groundwater The thickness of this outer belt of 
water cii dilation varies greatly. At or near streams, lakes, or 
ocean, and in areas where the surface is not much higher than 
the adjacent bodies of water, the level of groundwater may 
reach near or to the surface, and thus there may be, for these 
areas, either a very thin upper belt of circulation, or none. In 
regions of moderate elevation and moderate irregularities of 
topography the level of groundwater is usually from 10 feet 
to 100 feet below the surface. It is especially likely to be near 
the surface in regions where there is a thick layer of drift or a 
thick layer of disintegrated rocks. In elevated and irregular 
regions, and esjiecially those in which the precipitation is rather 
small, the level of groundwater may be from 100 to 300 feet 
below the surface In high, desert regions, and especially 
limestone regions, the level of groundwater may be from a 
thousand to several thousand feet below the surface. 

The position of the level of groundwater is more fully con- 
sidered further on, in connection with the belt below that level 
A large amount of the water which enters the upper belt is, 
wdthout entering the lower belt, again brought to the surface 
through capillarity, or through the influence of vegetation. 
The circulation of this water in the upper belt alone has little 
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influence upon tlie ore-deposits, and is here ignored. Another 
portion of the groundwater moves downward through the upper 
belt and joins the sea of underground water. This water is 
associated with oxygen, carbon-dioxide, and other gases These 
substances perform various classes of work, which are consicl. 
ered on pp 74-79- 

Lower Belt of Underground Circulation — The lower belt of 
circulation has as its upper limit the level of groundwater 
This level is not horizontal, but is undulating, the undulations 
following the topography. A topographic map of a region is 
to a certain extent a topographic map of the level of ground- 
water, but the latter is less accentuated The elevation of the 
contour of the groundwater at a given place is less than the 
elevation of the surface contour by the depth of the level of 
groundwater. 

That the level of groundwater roughly follows the topography 
is shown by the fact that upon many hills and mountains, wells 
reach water at the very moderate depths of a few score, or at 
most 100 or 200 feet The relation is further illustrated by the 
fact that where a shore begins to rise from a body of water, as 
from a lake, the level of groundwater also rises, but not so rap- 
idly As an example of this may be mentioned the case of a 
well at Madison, ‘Wisconsin, about 1200 feet from Lake Men- 
dota and 88 feet above its surface, in which the water is on an 
average about 52 feet above the surface of the lake 

111 general, the more accentuated the topographic features, 
the greater is the difference between the surface topography 
and that of the level of groundwater. However, this difference 
also depends upon the character of the rocks. "Where the 
openings in the rocks are numerous and large, there is a greater 
difference in the topography of the surface and of the level of the 
groundwater than where the rocks are less o|)eii In fractured 
limestone regions containing caves, the level of the ground- 
water may follow approximately that of the drainage of the 
district, and thus there he a great difference between the topog- 
raphy of the surface and that of the groundwater. Where a 
region is covered with a thick mantle of fine material, as drift, 


^ “ Principles and Conditions of Movements of Groundwater,” byF li King, 
19th Annual Eept U S Geol Sum , for 1897-98, pt ii., p. 99, 1899. 
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the topography of the groundwater may very closely follow 
that of the surface. Emally, the less the precipitation the 
greater the difference between the contours of the surface and 
the level of groundwater. In the Grand Canon region of 
Colorado we have a district in which the topography is much 
accentuated with sudden and great changes in elevation, in 
which the rocks are largely limestone and the precipitation 
small. Therefore in this region there is a very great difference 
between the topography of the surface and that of the level of 
groundwater. 

Capacity of Water for Work in the Lower Belt of Under- 
ground Circulation. — The temperature of water in the lower 
belt of underground circulation increases with depth. The 
average increment is about 1° C for 30 meters. Supposing the 
water at the surface to be 0^ C , it would be 100° C. at a depth 
of 3000 meters. At a depth of 10,000 meters it would be 333° C. 
It has been shown, pp. 36-38, that the pressure increases with 
depth with sufficient rapidity to hold the water in the form of 
a liquid Therefore the work of the water in the zone of frac- 
ture below 3000 meters is that of superheated water It is 
well known that pure water at ordinary temperatures is capable 
of dissolving all compounds to some extent, but the amount of 
the more refractory compounds dissolved is exceedingly small. 
But pure water at a high temperature is a potent solvent. 
Barns has shown that water at temperatures above 186° C 
attacks the silicates composing soft glass with astonishing 
rapidity * 

At 180° C. various zeolites can be dissolved in pure water, 
the material crystallizing out on cooling. Lemberg shows that 
water at 210° C. slowly dissolved anhydrous powdered silicates 
It IS therefore apparent that water in the lower part of the zone 
of fracture is a most potent chemical agent 

Furthermore, it is well known that one salt in solution may 
assist water in dissolving another salt. For instance, the pres- 
ence of alkaline sulphides is very favorable to solution of sul- 
phides of the heavy metals, such as copper, silver and gold. 
On the other hand, the presence of one compound in solution 


* ‘ ‘ Hot Watei and Soft Glass in their Theimo-dynamic Eolations, hy C Baius, 
Am. Joui Sei , IV., vol ix , 1900, pp 161-175. 
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may be unfavorable to the solution of anotlier compoiincl Tims 
ill the underground waters the material in solution continually 
affects the capacity of the water to dissolve and precipitate 
other materials. This subject will be further discussed, pp 
69-71. 

Movements of Water in the Lower Belt of TJnderground Cir- 
culation — The complex movements of underground water may 
be resolved into two components, horizontal or lateral movements 
and vertical movements. 

The vertical component of the journey of underground 
waters in the zone below the level of groundwater may be 
considered as confined to the zone of fracture, and is probably 
measured at a maximum by 10,000 meters, or at most by 12,- 
000 meters. The lateral component, on the other hand, may 
vary from a few meters to liiiiidreds or even a tlioiisand or 
more kilometers. Upon the average, the horizontal component 
is probably far greater than the vertical component. 

In order to understand the work done by miderground water 
in its journey, it is first necessary to know the path which it 
follows. Upon this point the recent analytical work of Prof. 
C. S Slichter gives the desired information. He has ascer- 
tained that the spaces in soils and in mechanical sediments, so 
far as the fi.owage of underground water is eoneeriied, may be 
considered as a senes of triangular tubes By Prof. Slichter’s 
analysis the fi[owage of w’ater from one place to another, say 
from A to P (see Pig 1), is not by a direct path, but by a large 
number of diverging jiaths from A during the first part of the 
journey, and by a large number of converging paths to P dur- 
ing the latter part of the journey. This may be illustrated by 
supposing the water to be poured into a well, A, and to fiow to 
a well, P. The horizontal course of the water is represented 
by Pig. 1, and the vertical course by Pig. 2. These conclu- 
sions apply equally well to any porous rock other than a soil 
or sandstone in which the spaces are distributed in a somewhat 
uniform manner. 

It is apparent that these conclusions have far-reaching con- 
sequences as to the flowage of underground water. In the 


"Theoretical Investigation of the Motion of Ground Waters,” by C S. 
Slichter, I'dth A%n Bept U S Geol Sure , for 1897-98, p. 312. 
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passage of tlie water from tlie top or slope of a hill to a 
point of issue at the foot of the hill, supposing these to he 
the only points of entrance or issuance of the water, and 


Fig 1 



Ideal Horizontal Section of the Flow of TJndergiound Watei thiougli a Homo- 
geneous Medium, fiom One Well to Another 


supposing the spaces to he uniform, the vertical course would 
he represented by the lines of Fig. 3, and the horizonal course 
would be represented by the lines of Fig. 1. "We see at once 
that for the larger topographic features the vertical component 
of flow may pass quite to the lower Imiit of the zone of frac- 
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ture. This would probably be true even if water throughout 
its underground journey remained at a constant temperature. 
But it is to be remembered that the deeper water penetrates, the 
higher its temperature ; also that the movement of water m the 

Fig 2 


A B 



Ideal Vertical Section of tlie Flow of Undergiound Watei through, a Homogene- 
ous Medium, Ixom One Well to Another. 


lower part of the zone of fracture is largely through capillary 
openings ; further, that the flowage in capillary openings is in- 
versely as the viscosity ; and, finally, that the viscosity decreases 
rapidly with increase of temperature. Therefore, the increase 
of temperature with depth is a potent factor favorable to a deep 
course for underground water. It therefore seems probable 
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that as a result of Lead due to topographic irregularities and 
temperature differences, the entire zone of fracture is being 
regularly traversed hy underground waters. Of course, the 


I'lo 3 



amount of ffowage is far greater in the upper part of the zone 
than in the lower part, hut even in the lower half or third of the 
zone of fracture the amount of ffowage cannot he considered 
small. 
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The principle of the distribution of the flowage of water 
over the entire available area is well illustrated by the case of 
water flowing horizontally into a beaker from one side and 
overflowing the beaker on the other side. The movement of 
the water will not be confined to the liquid near the surface of 
the beaker, but all portions of the water in the beaker from 
the top to the very bottom will take part in the flowage, 
although, of course, the rate of movement will be much more 
rapid at the top than at the bottom.''' The well-known hydro- 
dynamical principle thus illustrated, that the entire available 
cross-section will always be utilized by flowing currents, is 
directly applicable to lateral moving waters m the zone of frac- 
ture It IS conclusive evidence that this zone will be searched 
to its base by moving waters, although the waters joining and 
departing from the underground sea appear and disappear at 
the surface. 

In an actual case of underground flowage the water does not 
enter the ground at a single point, but enters at every point of 
a slope. As a sample case, we may suppose that the water en- 
tering on a slope reaches the surface again at the level of a 
stream in an adjacent valley. To get an idea of the complex- 
ity of the flow in this ideal case, we may arbitrarily select a 
number of points where the water enters, and trace out its 
course. We may plat by difterent kinds of lines, continuous 
and broken, the vertical components of the flowage of the 
water which enters at each place independently of the water 
that enters at other places. (Mg. 4.) We have a series of 
intersecting lines in the figure representing the vertical com- 
ponents of movement. 

It IS not supposed that water actually follows paths similar 
to those represented by the figure, for there is mutual interfer- 
ence of the water entering at the various points. As a result 
of this, the water entering the opening nearest the exit would 
take a more direct course than the average of that platted , but, 
as a consequence of this, the water from the next openings up 
the slope would take a more indirect course, on the average, 
than that platted, and so on. The total result would be to give 


^ Slichter, cit , p 331, sect 5 Compare Posepny, eii , Trans. Am Inst Min. 
Engine&s, vol. xxiu , 1894, p 220. 
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an average course for the water which can he represented hy 
combining the independent curves. (Fig. 5 ) The effect, so 
far as the geological action of the underground water is con- 


Fig 4 



Ideil Veitical Section of the Flow, through a Homogeneous Medium, of Under- 
ground Water Entering at Three Points and Issuing at a Single Point, Each Sys- 
tem of Flow Being Independent of the Others 


cerned, would be approximately the same, whether the course 
of the water were that represented by Fig. 4 or that repre- 
sented by Fig. 6. This statement, applicable to a few points of 
entrance and one of exit, is equally applicable to a great num- 
ber of points of entrance. The statement can be further ex 
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tended to an indefinite number of points of entrance distributed 
along the contours of the slope as well as up the slope, and to 
many points of exit at or near the level of the vallej. 

The JPrefermiial Use hy Water of Large Channels — ^Iii nature 
the points of entrance for groundwater are indefinitely numer- 


PlG. 5. 



Ideal Vertical Section of the Flow, through a Homogeneous Medium, of TJiider- 
ground Watei Entering at Many Points along a Slope and Issuing at aSmgle Point 
of Lower Eleration 


Oils, and the places of exit comparatively few. The water falls 
upon the ground everywhere and enters the innumerable pores 
hetweea the grains. After a longer or shorter underground 
course, perhaps passing under many subordinate hills and val- 
leys, it escapes to the surface as a spring or by seepage, nearer 
the drainage-level than where it entered the ground. The 
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water began its journey throngb an almost infinite number of 
openings It issues at many openings, but tbese are few com- 
pared with the vast number of those at which it entered 

This conclusion is based on the following facts Openings in 
rocks are never of uniform size. It has been seen that the resist- 
ance to flowage 111 capillary openings is far greater than in super- 
capillary openings. In supereapillary openings of moderate 
size the resistance is greater per unit of flowage than in larger 
ones. Thus there is a strong tendency for the water starting 
through innumerable small openings to converge into larger 
and larger openings, which are the lines of least resistance. 
Of course, it may go long distances underground, as in some 
sandstones, without finding larger openings than those near the 
surface , but if large openings exist, they will be fully utilized. 
Finally, when a single opening or a group of openings larger 
than the average reach the surface at a lower altitude than the 
average level of entrance of the water, there is a spring. 

It has been seen that during the first of the under- 
ground journey of water the vertical component is downward, 
and during the latter part of its journey the vertical compo- 
nent of much of it IS upward It follows that, on the average, 
the downward movements of water are through the smaller, 
and the upward movements through the larger, openings in 
the rocks. Of course, where large openings are available for 
the downward-moving water they will be utilized; and doubt- 
less the laiger openings are utilized to a great extent by the 
downward moving waters However, even if this be the case, 
the statement would still be true that xupon the average the 
larger openings are more extensively used by the upward 
moving water than by the downward moving water. From 
the foregoing it appears that the system of circulation of 
underground water has a very close analogy to that of a tree 
of a peculiar character. 

The points of entrance are the ends of the indefinite number 
of twigs, these twigs unite into a branch; the branches 
unite to produce a larger branch; the larger branches unite 
into a trunk; and at the end of a trunk is a spring. The 
analogy of an underground drainage system to a tree is even 
closer than that of a surface system, for in a system of under- 
ground water circulation three dimensions are concerned to an 
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important extent, while in a surface system of drainage the 
movement of the water is approximately confined to a plane. 
However, from what has gone before, it is clear that the tree 
of nndcrgronnd water has a peculiar shape The twigs and 
branches have an important downward component, the larger 
branches of the tree may be considered as approximately hori- 
zontal , and the trunk usually has an important upward com- 
ponent Thus twigs, branches and trunks together ordinarily 
make a great TJ. The sides of the U may be rather close together 
in the case of marked topography, where the water issues near 
the places of entrance. The sides of the IJ may be very far 
apart in the case of gentle topography, where there is great 
lateral movement of the water. Such a system of under- 
ground movement is somewhat similar to that of a surface 
system of drainage 

The analogy of a tree has been utilized in order to get defi- 
nitely in mind the general character of the circulation of 
underground water. However, the analogy must not be 
pushed too far. A tree commonly has but a single, continu- 
ous, solid trunk, although willows and other trees have many 
trunks. Very frequently, indeed commonly, the trunk-chan- 
nels of underground water circulation are very complex. 
"While a main water course may exceptionally occupy a single 
open passage, ordinarily it is composed of a number of inter- 
locking passages. These may be the parallel openings of a 
complex fault, they may be the smaller numerous openings of a 
zone of fissility, or they may be the more open spaces of sand- 
stones or conglomerates In short, a trunk-channel of under- 
ground water difters only from other channels in that they are 
places where there is more circulation. 

Physico-Chemical Principles Controlling the Work oe 
Underground Waters. 

Before considering the actual geological work of under- 
ground water in the alteration of the rocks and in the pro- 
duction of ore-deposits, it is necessary to consider briefly the 
physico-chemical principles which control that work. 

'*■ In my treatise on “ Metamoipliism ” {Monograph TJ 8 Oeol Sumy) I con- 
sider this subject in detail In the present paper, only that portion of this part 
of the Monograph is summarized which is absolutely necessary in older to nndei- 
stand the deposition of ore-deposits. 
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Chemical Action. 

The fundamental principle of chemical dynamics is that 
chemical action is proportional to the active mass. This is the 
law of mass action * 

Chemical action may take place between gases and gases, 
between gases and liquids, between gases and solids, between 
different liquids, between liquids and solids, between different 
solids So far as the depositions of ores are concerned, the 
reactions in connection with underground liquid solutions are 
by far the more important. 

The water of rocks, whether at ordinary temperatures and 
pressures or at higher temperatures and pressures, may take 
any of the substances with which it comes in contact into solu- 
tion , may deposit substances from solution ; may combine with 
substances forming hydrates, as in the case of many of the 
zeolites or of hmonite from hematite, may part with its hydro- 
gen ill exchange for bases, and especially the alkalies and alka- 
line earths, thus at the same time chauging the composition of 
the rock and taking the bases replaced into solution, as in the 
change of enstatite to talc There may be reactions as a result 
of different substances being taken into solution at different 
times , there may be reactions as a result of different solutions 
coming together, and thus mingling ; there may be reactions 
between substances in solution and the solid material with 
which the water is in contact , there may be reactions as a result 
of changing temperature and pressure. All of these changes 
are of the nature of chemical action. Therefore, by chemical 
action of underground water is meant the taking of material 
into solution, the deposition of material from solution, the inter- 
change between materials in solutions, the interchange between 
materials in solutions and adjacent solids, and, finally, the inter- 
change of the adjacent solid particles. But this last reaction is 
probably accomplished through the medium of a separating 
film of water, in which case the apparently simple reaction is 
really accomplished by transfers between the solutions and solids. 

In all these interchanges the materials therefore pass through 
a state of aqueous solution, and, according to modern ideas of 
physical chemistry, the salts m aqueous solution are at least 

* Outlines oi GeneiaJ Chemistry,” by W Ostwald Translation by Walker, 
1895, p. 292 
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partly separated into tlieir ions. Their properties in this con- 
dition are therefore the sum of the properties of their separated 
ions. Indeed, the potency of water as an agent through which 
metamorphism may take place is due, according to these ideas, 
to its capacity to separate substances which it holds in solution 
into their free ions. In this power of ionization water exceeds 
all other solvents. And it is by the migration of these free ions 
that the interchanges are accomplished. As the greater por- 
tion of underground liquid solutions are rather dilute, at least 
where somewhat free circulation is the rule, we may suppose that 
the salts held in solution are largely separated into their ions, and 
therefore these free ions are ever ready for chemical reactions. 

Also water reacts upon the salts it holds in solution by hy- 
drolitic dissociation, producing free acids and hydrates of the 
bases. This process is especially important with the salts of 
the weak acids.'" The dominant acids of nature are the very 
weak acids silicic and carbonic, and, therefore, hydrolitic dis- 
sociation is very important The silicates of the alkalies in 
dilute solutions are practically completely decomposed, the re- 
sult being the liberation of free silicic acid and hydrates of the 
alkalies, as shown by Kahlenberg and Lincoln. f The carbon- 
ates of the alkalies are also, to a considerable extent, similarly 
dissociated. 

Underground Aqueous Solutions . — The quantity of a solid 
which can be dissolved in liquid depends upon the number 
and nature of the compounds present, upon the pressure, and 
upon the temperature. 

"When a solid salt is placed in liquid, it forms a homogeneous 
mixture of salt and liquid This statement applies to all 
natural compounds, — ^that is, the minerals of nature are salts 
which are soluble in water. Ho substance is wholly insoluble 
in the underground waters, even at ordinary temperatures and 
pressures. This statement applies alike to quartz and the most 
refractory silicates Under surface conditions, the etching of 
quartz grains is evidence of the first statement,! 


* “Theoretical Chemistry,” by W Nemst, 1895, p. 660 
t “ Solutions of Silicates of the Alkalies,” by Louis Kahlenberg and A. T. 
Lincoln, Journ Phys Ohm , , vol ii , 1898, p 89. 

t “Solution of Silica Under Atmospheiic Conditions,” by C W. Hayes, Bull 
Geol Soc. Am , vol viii, 1897, pp 213-220. 
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versal decomposition and partial solution of tlie silicates is evi- 
dence of the second, and in the lower zone of water circulation 
the solution of quartz and the refractory silicates may be com- 
pletely accomplished, as in the case of the Calumet and Hecla 
conglomerates, many of the bowlders of which have been com- 
pletely d.issolved and their spaces taken by copper 

The quantity of material which may be dissolved in any case 
under definite conditions has a limit. When this limit is 
reached the solution is saturated. This limit depends upon 
pressure and upon temperature. 

The Relations of Solution and Temperature. — The relations 
of temperature and solution have two phases ; (1) the speed of 
the reaction, and (2) the quantity of material which may be 
held in solution. 

(1) The speed of solution is greatly increased by rise of tem- 
perature. A slight increase in temperature may increase the 
rate of solution out of all proportion to the absolute change in 
temperature. At temperatures above 100° 0., and especially 
above 186° C , the activity of water may increase to an amaz- 
ing degree. The rapid solution of glass by Barnsfi at tem- 
peratures above 185° 0. illustrates this. At any temperature 
solution will continue until the point of saturation is reached 
However, it is clear that this state will be attained at high tem- 
peratures in but a small fraction of the time required at low- 
temperatures. For instance, to saturate an underground solu- 
tion with the refractory silicates or sulphides at ordinary tem- 
peratures might require months or even years, while to saturate 
them at temperatures above 185° C might require only an 
equal number of minutes, or at most hours. The capacity of 
water for action at high temperatures combined with pressure, 
considered below, is adequate to explain the complete recrys- 
tallization of great volumes of natural glass and crystallized 
rocks. 

(2) The effect of temperature upon quantity of material 
which may be held in solution does not admit of a simple gen- 


^ “ Theoretical Chemistry,” by W Nernst Tianslated by C. S Palmer, Lon- 
don, 1896, p 568 

t ‘ ‘ Plot Water and Soft Glass in their Tliermo-dynamic Relations, ” by C Barns 
Am. Journ Sci , 4tli series, vol ix , 1900, pp 167-168. 
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oral statement'*' For most substances moderate increase of 
temperature gives greater capacity for solutions ; but for many 
substances there exists a temperature at which there is the 
maximum capacity for solution, and the amount of material 
which may be held in solution at higher and lower temperatures 
is less than this maximum For various substances this max- 
imum capacity for solution lies between 60° 0. and 140° 0 , 
and for many substances it is probably below 200° 0. It there- 
fore follows in underground solutions that a general statement 
cannot be made as to how change of temperature may affect 
solubility. However, it is highly probable that up to tempera- 
tures of 100° C., and, therefore, to depths of 8000 meters, in- 
crease of temperature increases the average capacity of under- 
ground water to hold material in solution. It may be probable 
that the average capacity of underground water may increase 
to temperatures considerably above 100° 0., and, therefore, to 
depths greater than 3000 meters. But when water passes down- 
ward to the deeper parts of the zone of fracture the increase in 
temperature may lessen the average capacity for holding mate- 
rial in solution, provided the joint effect of j)ressnre he barred. 

The Relations of Solution and Pressure — In general, the vol- 
ume of the solvent pihis that of the salt is greater than that of 
the solution. For a given quantity of the solution the con- 
traction is greater the more of the solvent is used f In some 
cases, however, the volume of the salt and solvent is less than 
that of the solution, or expansion results from dissolving the 
solid. Sal ammoniac in water is an illustration of this case. 
From the foregoing relations we obtain a rule as to the rela- 
tions of jiressLire to soluhility.J In the common case in which 
the volume of the solution is less than that of solvent and salt, 
pressure increases solubility , for in that case solution tends to 
bring the molecules nearer together and works in conjunction 
with the pressure. In the reverse ease, that in which the vol- 
ume of the solution is greater than that of solvent and salt, pres- 
sure decreases the solubility, the reason being the reverse of 
that of the previous case. 

“ Solutions,” by W Ostwald Translated by M M P Muii, London, 1891, 
pp 56-77 

f ''Solutions,” at , p 82 

t “ rileoretical Chemistry,” by Nernst, 1895, p 567 
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It is well known that the solubility of calcium carbonate and 
some other carbonates is increased by pressure * It is a fair 
inference from Barus^ work that the solubility of the silicates 
is also increased by pressure Barusj* found that when soft glass 
IS dissolved in water at temperatures above 210° C , the volume 
IS 20 to 30 per cent, less than the two separately. This glass 
was one which contains alkalies, alkaline earth and lead, and, 
therefore, is somewhat similar iii composition to many natural 
silicates. The solubility of many other salts, besides the car- 
bonates and silicates, occurring underground is increased by 
pressure While, therefore, pressure may lessen the solubility 
of some natural salts, in the majority of the complex under- 
ground solutions the volume of the solution is less than that of 
the salts and solvent separately; and, therefore, the total of the 
salts in solution is generally increased by pressure. 

It has been pointed out that in the lower part of the zone of 
fracture increase in temperature with depth may exceptionally 
lessen the average amount which may be held in solution, but in- 
creasing pressure with increasing depth promotes solubility 
The quantitative values of these two elements are, however, 
unknown, and no positive statement can be made as to whether 
the increasing temperature and pressure combined in passing 
to the lower part of the zone of fracture increases or decreases 
the capacity of underground water for solution. However, it 
is clear that to very considerable depths, that is, to 3000 meters 
or more, the joint effect of the temperature and pressure factors 
is to increase the average capacity for solution. 

Frecipitaiion — After a number of chemical substances are 
brought together, and especially when they are united by a 
solvent, interactions between them may occur which, after a 
time, appear to cease. When the conditions have become such 
that there is no increase or decrease in the amount of any one 
of the chemical compounds, the system is in a condition of 
chemical equilibrium.]; The interaction may result in the pre- 
cipitation of compounds. 


^ “Gold-quartz Veins of Nevada City and Glass Valley, California,” by W 
Lindgien llthAnn BepoitJJ S Geol aSiw rey, 1895-96, pt ii , 1896, pp 176-178 
f “ Hot Water and Soft Glass in their Thermo-dynamic Eelations,’ ’ by C Barns 
Am Journ Sci , 4th senes, vol ix , 1900, p 173 
t Neinst, cit , pp 355-356 
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Since the separation of material from solution in under- 
ground waters is of the utmost importance, it is necessary to 
consider the conditions under which precipitation takes place 
It is clear that the necessary condition for precipitation is 
super saturation , for if a solution be sufficiently supersaturated 
some of the material must he thrown down, or he precipiitatecl. 

Snpersaturation and consequently precipitation may result in 
Yarious ways, of which the following are the more important 
(1) By change in temperature, (2) by change m pressure, (3) by 
reactions between aqueous solutions, (4) by reactions between 
liquid solutions and solids, and (5) by reactions between gases 
and solutions or solids, or both. 

1 Precipitation by Change in Temperature. — Change in tem- 
jieratnre is the rule for underground circulating waters The 
waters which are passing to lower levels are upon the average 
becoming warmer Waters winch are rising to higher levels 
are upon the average becoming colder. Also, there are 
changes of temperature both positive and negative due to 
varying local conditions. 

If the temperature of a saturated solution changes in a direc- 
tion adverse to solution, it tends to become supersaturated. If 
crystals of the solid in solution are present, and this is usually 
the ease with underground solutions, considerable supersatura- 
tioii does not occur ; for the excess of salt separates, so that at 
any given temperature equilibrium is nearly retained by con- 
tinuous adjustment. 

It has already been seen that increase of temperature to 100° 
C. or more promotes solution, and decrease of temperature from 
100° 0 or more causes supersatiiratiou, and therefore precipi- 
tation One would, therefore, expect that descending waters 
which are increasing in temperature are, upon the whole, con- 
stantly taking additional mateiial into solution, at least to a 
depth of 3000 meters, and that waters ascending above this 
level which are becoming cooler are upon the whole precipitat- 
ing material. However, this statement needs various qualifica- 
tions. As a consequence of the action of igneous rocks and 
dynamic action temperatures higher than the normal for a given 
depth may be obtained. 'While these temperatures may be so 
high as to be unfavorable to the quantity of material held in 
solution, they are very favorable to rapid solution. Since the 
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temperature is variable which causes the maximum solution 
of a given salt, it follows that as water passes clown through 
the middle part or lower parts of the zone of fracture, or as it 
becomes somewhat highly heated because of the presence of ig- 
neous rocks or of heat produced by orogenic movement, that the 
increase of temperature may induce the precipitation of some 
compounds, and favor the solution of additional quantities of 
other compounds Therefore, because of changing temperature 
in the middle and lower parts of the zone of fracture, and 
where igneous rocks are present or earth movements have oc- 
curred, there is selective solution and precipitation However, 
in the normal ease within the belt of which we have most exact 
information, that is, the upper 8000 meters of the crust of the 
earth, the upward course of water is likely to be favorable to 
precipitation. (See pp 84-91 ) 

2 Precipitation by Change in Pressure. — It has been seen that 
where waters are descending the pressure is constantly becom- 
ing greater, and they are capable of taking additional material 
in solution. "Where waters are ascending the pressure is con- 
stantly becoming less, and they are, therefore, not capable of 
holding so much material in solution Hence, the pressure 
effect ill ascending waters is to promote precipitation. All 
of these statements apply to the average complex under- 
ground solutions. Exceptional cases may exist where the re- 
verse effect occurs. 

3. Precipitation by Reactions between Aqueous Solutions — 
Physical chemistry holds that when solutions containing various 
salts are mixed, the resultant solution will contain all the salts 
and ions which can be made by the various combinations of their 
positive and negative factors. In any given case there is a con- 
stant relation between the amount of a salt which can be held 
in solution and the number of free ions of that salt which 
balance each other, and upon this fact are based the laws of 
precipitation from solutions. 

The laws of chemical precipitation from aqueous solutions 
are somewhat complex, and cannot be here fully summarized. 
So far as present purposes are concerned, the old statement of 
chemistry will suffice. When solutions of two or more kinds 
are mingled, if a compound or compounds can form which are 
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insoluble in the liquids presentj this will take place and pre- 
cipitation will follow * 

The most important case of precipitation in nature is that 
resulting from the mingling of aqueous solutions of solids 

Another case of precipitation occurring in nature results from 
mixing solutions, one of which contains a gas. Perhaps the 
most important case of this kind is the mixing of a solution 
containing oxygen with one containing salts of iron protoxide. 
As a result of this, the salts will be changed from ferrous to 
ferric, and the iron in latter precipitated either as a sesquioxide 
or hydrosesquioxide. In the latter case hydration occurs simul- 
taneously with the oxidation 

4 Precipitation by Reactions between Liquid Solutions and 
Solids — A very important underground reaction is that be- 
tween the solutions and the adjacent solid materials Ordi- 
narily in this case a portion of the solid material is taken into 
solution and a portion of the material before held in solution 
IS deposited. This principle may be illustrated by the labora- 
tory experiment in which metallic iron is placed in a solution 
of a copper salt, for instance co|)per sulphate. The iron goes 
into solution as sulphate aud metallic copper is precipitated. 
An excellent case illustrating precipitation from solution in 
nature, one of the most fundamental importance, is the almost 
immediate partial substitution of magnesium for the calcium 
of shells and corals by the sea-waters. 

Ill order that crystals in a solvent shall grow, it is necessary 
that the solutions shall be saturated or supersaturated at the 
immediate place of crystal growth. Since, underground, there 
IS always a superabundance of solid material present as compared 
with the amount of water, we may suppose that at a moderate 
depth below the surface, and especially in the smaller spaces 
where movement is slow, the solutions are often saturated. It 
IS a well-known fact that under conditions of saturation, with a 
superabundance of solid material, the larger crystals grow at the 
expense of the smaller ones, and that this process goes on more 
rapidly in proportion as the temperature is high and the pres- 
sure IS great. This principle is taken advantage of in the 

Por a more exact statement of the punciples of precipitation see the various 
treatises on physical chemistry. A simple statement of the laws of precipitation 
IS given by C P Tolman, Journ of Oeol , vol vu , 1899, pp. 687-591. 
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clieniical laboratory in the production of a coarse precipitate 
before filtration by boiling or other means, the finer particles 
of the precipitate being dissolved and the coarser ones being 
enlarged at their cost 

5. Precipitation by Reactions between Gases and Solutions, 
and Solids — The reactions between gases and liquid solutions 
and solids involve matter in all its three forms The laws of their 
mutual interactions are very complex, and they cannot here be 
taken up But for the present purpose it may be said that the 
result of the mixture of gases, liquid solutions and solids, may 
result 111 the precipitation of a substance from solution. The 
most common active gases present underground are carbon 
dioxide, h} dric sulphide, and oxygen The action of hydric 
sulphide upon a solution may throw down a sulphide of a metal; 
the oxidizing action of oxygen may result in precipitation, as 
in the case of peroxidation of iron. Furthermore, the action 
of the gases and liquid solutions may together result in the ab- 
straction of substances from the solid compounds and the pre- 
cipitation of them, or parts of them, elsewhere. The combined 
action of gases, liquids and solids is more common in the belt 
of weathering than elsewhere (See pp. 72—74 ) 

The General Geological ‘Work of Underground Waters. 

It has been seen that the geological work of underground 
waters is dependent on many factors Some of these are the 
limitation in depth by the zone of fracture, the nature of the 
openings in the rocks, the rapidity of the flowage, the char- 
acter of the materials through which the waters flow, the char- 
acter of the substances it may carry in solution, the pressure, 
and the temperature Of these many factors, two are ever 
working together according to very definite laws. These 
are pressure and temperature. Both increase with depth, 
and therefore greatly promote the activity of deep under- 
ground waters However, of all of these varying factors, 
varying temperature is the one which is of incomparably the 
greatest importance. High temperature ordinarily results from 
depth of penetration , but it has been pointed out that it may 
result from various other causes, of which chemical action, 
mechanical action and the presence of intrusive igneous rocks 
are the more important. The capacity which w^ater has for 
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taking and kolding various relatively insoluble compounds in 
solution increases as the temperature increasesj to 100° 0. or 
more. The velocity of chemical reactions increases enormously 
with increase of temperature Kot only is high temperature 
favorable to geological work because of the chemical activity 
of the water, but high temperature greatly decreases its viscosity, 
and this, as already explained, is favorable to depth of pene- 
tration and flowage through minute openings Since the tem- 
perature changes of underground water are commonly depend- 
ent upon depth, the vertical component of the movement of 
underground water is ordinarily far more important in geo- 
logical work than the longer horizontal component. 

Division of the Zone of Fracture into a Belt of Weathering and a 
Belt of Cementation. 

So far as the work of underground water in the production 
of ore-deposits is concerned, the zone of fracture maybe divided 
into two belts (1) an upper belt of weathering, and (2) a lower 
belt of cementation. The belt of weathering extends from the 
surface to the level of groundwater, and for a variable distance 
into the sea of underground water The belt of cementation 
extends from the bottom of the belt of weathering to the bot- 
tom of the zone of fracture 

In the belt of weathering various gases are present, of which 
carbon dioxide and oxygen are the more important. With these 
are a great variety of solutions and the greatest possible va- 
riety of solids. The reactions in the belt of weathering, there- 
fore, involve gases, liquids and solids. Furthermore, in this 
belt we have the complicated action of organic bodies upon 
inorganic bodies. These organic compounds vary m magni- 
tude from the smallest bacteria to large trees, which act both 
while alive and dead. It is, therefore, clear that the chemical 
reactions in the belt of weathering are of an extraordinarily 
complex character. Only the more important of them will be 
considered. The dominant ones are carbonation, hydration, 
oxidation and solution. 

The process of carbonation takes place upon a most exten- 
sive scale in the belt of weathering, producing abundantly car- 
bonates of the alkalies, alkaline earths and iron, and less abund- 
antly carbonates of other metals. Where vegetation is absent 
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the air in the soil contains only a small amount of carbon diox- 
ide, blit where vegetation is abundant and is decaying upon a 
large scale, the carbon dioxide in the soil is from 15 to 100 
times more abundant than in air; hence, in the process of car- 
bonation the presence of vegetation is of fundamental import- 
ance. The dominant compounds upon which the process of 
carbonation acts are the silicates In the carbonation of the 
silicates the silica separates as silicic acid Since the quan- 
tity of silicates decomposed by carbonation is very great, the 
amount of silicic acid liberated is enormous This passes into 
solution, and, as explained below, is transferred to the belt of 
cementation. 

hfext in importance to carbonation is hydration. While hy- 
dration is usual in the belt of weathering, under some con- 
ditions, and especially those of great aridity and high temper- 
ature, dehydration may occur. 

Oxidation is also very general m the belt of weathering, but 
deoxidation may occur in regions of very luxuriant vegetation, 
where there is an unusually large amount of reducing material. 

If the compounds formed in the belt of weathering all re- 
mained in situ, the volume of the rocks would be greatly in- 
creased by the above changes , but simultaneously with these 
reactions, solution, the fourth important reaction of the belt of 
weathering, is taking place upon a great scale The quantity 
of material dissolved is more than sufficient to counterbalance 
the increase in volume due to the chemical changes, and conse- 
quently the volume of the rocks continually decreases. In con- 
sequence of this preponderance of solution the openings of the 
belt of weathering tend to increase in size. However, this is 
not apparent with the unconsolidated materials at the surface, 
for gravity brings the particles together as fast as material is 
dissolved , but in the rocks below the soils, which have suf- 
ficient strength to support themselves, the openings are widened. 
The best illustrations of rocks with enlarged openings are the 
limestones 

In connection with the chemical changes above summarized, 
mechanical action is continually subdividing the material 


* “Solutions of vSilicates of the Alkalies,” by L. Kahlenberg and A T Lincoln. 
Journ. Fhys Gliem , vol ii , 1898, pp. 88-90. 
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In general, tlien, in the belt of weathering, clisinteg ration, 
decomposition and solution are the rules. The minerals which 
remain are usually few and simple ; the volume of the rocks is 
diminished , they soften and degenerate , and they are finally 
destroyed as coherent solids. 

In the belt of cementation, hydration, carbonation, oxidation, 
and deposition occur. Hydration and deposition are the char- 
acteristic reactions Carbonation and oxidation are subordin- 
ate. The reactions take place by metasomatic change within 
many of the original minerals and by deposition of material 
within the openings. Many of the minerals produced are 
strongly hydrated. Because of hydration and deposition the 
volume of the rocks is increased. Cracks and crevices produced 
by mechanical action, such as those of faults, joints, bedding 
partings and fissihty , and the openings originally present in 
the rocks, such as pore-spaces in the mechanical sediments and 
the vacuoles in volcanic rocks, are slowly but certainly filled by 
the action of the groundwater, and the rocks are thus cemented 
and indurated. This process may be called construction. 

The belts of weathering and cementation, therefore, contrast 
strongly In the former solution continually takes place; in 
the latter, deposition, in the former we have disintegration, 
decomposition and softening ; in the latter we have cementation 
and induration , in the former the volume of material is less- 
ened , in the latter it is increased ; in the former the character- 
istic chemical reaction is carbonation ; in the latter it is hydra- 
tion. Therefore, the belt of weathering is chaiacterized by 
disintegration and decomposition, carbonation, hydration and 
oxidation, by solution and decrease of volume. The belt of 
cementation is characterized by cementation and induration, by 
hydration, by deposition, and by increase of volume. 

Migration of Material from the Belt of Weathering to the Belt of 
Cementation. 

It is believed that the material dissolved m the belt of weath- 
ering is largely deposited in the belt of cementation. Thus 
may be explained the steady diminution of a given mass of 
material in the belt of weathering, and the increase in mass of 
the material in the belt of cementation. Since this migration 
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of material is one of great importance, it will be necessary to 
consider it in some detail 

As a result of the horizontal component of the movement of 
underground water, there is a tendency for material to be taken 
into solution and to be abstracted by the water. The longer 
the horizontal underground course, the nearer will the water 
approach to saturation with the compounds with which it is in 
contact, because of the time factor If the journey be long, the 
state of satin ation may be attained at an early stage, after which 
the additions and subtractions of material upon the average 
neutralize each other. Throughout the j ourney there are various 
chemical interactions. There may be solution of material at a 
certain place and later deposition of it elsewhere ; there may 
be interactions between the solutions and solids, there may be 
interactions between the mingled solutions from different 
sources. However, these reactions do not change the end- 
result — ^that IS, the longer the horizontal journey the richer the 
solutions become, and material is abstracted until the point of 
saturation is reached 

Since it is clear that, so far as the horizontal movement of 
underground water is concerned, the effect is to abstract ma- 
terial, and since deposition, with consequent cementation and 
consolidation rather than solution is a general fact in the belt 
of saturation, we conclude that this result must be due to the 
vertical movement of the water. In the downward journey of 
the water from the surface to the level of groundwater, it is 
continuously taking material into solution, and therefore steadily 
contributes an increment of material to the sea of underground 
water 

After the water reaches the level of groundwater, movement 
does not cease. Disregarding the lateral movement, the sea 
of underground water at a given place might be considered as 
a column moving downward as rapidly as the increment of 
groundwater is added from above. However, superimposed 
upon this vertical movement is lateral movement which carries 
it to some point where u^iward movement is taking place. 
Therefore the amount which continues downward is an ever- 
decreasing fraction of the entire amount of precipitation which 
joins the sea of groundwater. But for this part the pressure 
and temperature steadily increase, and the capacity of the 
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water to take material into solution steadily clianges. One 
might conclude that during at least the first part of the down- 
ward course of the water solution was occurring. During the 
upward course of the water, pressure and temperature steadily 
become less, and one might conclude that for at least the latter 
part of the upward course deposition was occurring. PIow- 
ever, these simple statements do not fully cover the facts , for, 
as already pointed out, the relations of temperature and pres- 
sure are exceedingly complex, and also deposition, cementa- 
tion and consolidation seem to be general facts for the belt of 
cementation 

It has already been pointed out that the conditions for solu- 
tion are very favorable in the downward passage of water 
through the belt of weathering, and that each unit of water 
which joins the belt of cementation carries with it in solution a 
certain increment of material. During the long-continued 
erosion of a region the belt of weathering at any given time 
represents the residual disintegrated and partly decomposed 
material then above the level of groundwater Thus the belt 
of weathering is steadily progressing downward. The forces 
of weathering are continually finding new material at the 
bottom of the belt upon which to work. Therefore, as denu- 
dation goes on there is ever a belt of a certain thickness which 
contributes material to the belt of cementation below Hence 
we have an adequate source for an increment continuously 
added to the belt of cementation. If this increnieut thus 
added to the sea of underground water could be deposited 
throughout its course m the belt of cementation, there would 
be a sufficient cause for the induration of this belt 

However, according to one of onr fundamental premises, the 
quantity of water which emerges by seepage or through springs 
to the surface and joins the run-off must be equal to the 
amount added to the sea of groundwater by percolation. The 
question must therefore be asked as to the relative amounts of 
materials carried to the sea of groundwater by percolation and 
that abstracted from it by the ascending waters To this ques- 
tion no answer based upon comparative analyses can be given 
However, the general deposition and consolidation in the zone 
of cementation already emphasized seems to be conclusive 
evidence that the amount of material contained m issuing 
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water is not so great as that which joins it through perco- 
lation 

Of the substances deposited in the belt of cementation, 
quartz is undoubtedly the one which dominates over all others. 
The one great process in the belt of cementation is silication. 
IText 111 abundance to the quartz, the various silicates are de- 
posited, and especially the zeolites and chlorites Of less im- 
portance are the carbonates of the alkaline earths. Still less 
abundant are the various metalliferous ores and associated 
gangue minerals not of the classes already mentioned "While 
these subordinate products are of great economic importance, 
their quantity is insignificant as compared with the iion-nietal- 
liferous deposits. 

If it IS certain that the one great process of the belt of 
cementation is silication , it is equally certain that the one great 
process in the belt of weathering is the carbonatioii of the sili- 
cates, thus forming carbonates and liberating soluble silicic acid 
Hence it is highly probable that silicic acid is the dominant con- 
stituent contained in solution in downward percolating waters 
Therefore we have a source both for the deposited quartz and 
for the process of silication which forms the silicates. In 
another place* I have shown that one of the deep-seated domi- 
nating reactions is the process of silication of the carbonates 
or the substitution of silica for carbon-dioxide -vuth the simul- 
taneous liberation of carbon-dioxide This process takes place 
at moderate depth, especially under dynamic conditions, although 
it IS especially important m the zone of rock-flowage. The car- 
bon-dioxide liberated in part joins the underground waters. 
Such carbonated waters are very capable of taking into solution 
the salts of the metals, and particularly the salts of the alkalies, 
alkaline earths and iron. The solutions which reach the surface 
bear as their more abundant compounds the carbonates of the 
alkalies, alkaline earths and iron. With these are also other 
salts, including the salts of the valuable metals. Also issuing 
waters contain other acids besides carbonic acid, such as chlor- 
hydric, sulphydric, sulphuric and others. 

From the foregoing it appears that during the circulation of 


* “ Metamorphism of Eocks and Eock Flowage,” by 0 E Yan Hise, Bull, 0. 
/S' h , vol IX., 1898, p. 282 
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water in the belt of cementation the processes of precipitation 
and solution are selective. Quartz and silicates are the doiiiiiiant 
precipitates. Carbonates of the alkalies and alkaline earths are 
the dominant salts which join the run-otf. The above precipi- 
tations and solutions are precisely what should be anticipated 
from the laws of chemical action already given The com- 
pounds whicli upon the average are thrown down to the great- 
est extent, are those which are least soluble and most abundant. 
The eompounds which are retained in solution to the greatest 
extent are those which are most soluble and least abundant 
However, of the more soluble and less abundant compounds a 
portion IS precipitated The conditions under which we would 
expect partial precipitation of these compounds, at least for the 
upper 3000 meters, are those of lessening temperature and 
jpressure. These are the conditions of the ascending columns 
of water. It has already been seen that the ascending columns 
are likely to be the mam water channels. Hence is explained 
the frequent precipitation of soluble carbonates of the alkaline 
earths and rare metalliferous ores in these trunk channels. 

It is not supposed that theabqve furnishes a full explanation 
of the cementation of the entire zone of fracture. It has been 
pointed out, p 74, that hydration is perhaps the most character- 
istic reaction of this belt and that hydration results in expansion 
of volume. So far as this reaction takes place, and it undoubt- 
edly occurs on a most extensive scale, this would tend to fill the 
openings and thus cement and consolidate the rocks without 
reference to material from the belt of weathering. Thus, for 
instance, metasomatic change including hydration iii a vesicular 
basic igneous rock may so increase the volume of the material 
as to completely fill the vesicles by zeolites, quartz, and other 
minerals without the addition of any material from an extrane- 
ous source. 'Which of the two factors, material from the belt 
of weathering, or expansion by the processes of metasomatism 
including hydration, is the more important in filling openings 
in the belt of cementation, I am wholly unable to state. 

Other factors also, doubtless, enter into the cementation of 
openings. Some of these have already been mentioned These 
are selective solution and precipitation, depending upon vary- 
ing temperature and pressure, and the reaction of the difierent 
solutions upon one another. Another factor which is probably 
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important is diffusion, but its action is too complex to be taken 
up in tins general paper. 

By the various processes of cementation the larger openings 
are filled with deposits. However, where one of these contains 
metalliferous ores in sufficient quantity to be of service to man, 
many thousands are filled with quartz, calcite, dolomite, and 
other gangue minerals, I repeat again that the deposition of 
the ores is but a special phase of a general geological process 
of great consequence 

PART IL— APPLICATION OP PRINCIPLES TO ORE- 
DEPOSITS. 

The general discussion in Part I. is believed to contain in 
large measure the philosophy of the formation of ore-deposits 
by underground waters. It is now clearer than when first stated 
that the deposition of the greatest group of metalliferous ores is 
a special case of the work of underground wmter 

There have been endless discussions as to whether ore-de- 
posits are produced by descending, lateral-secreting, or ascend- 
ing waters It is a corollary from Part I that the first con- 
centration of many ore-deposits is the result of descending, 
lateral-moving, and ascending waters. I say first concentration ; 
for it will subsequently appear that many, if not the majority, 
of the workable ore-deposits have undergone a second concen- 
tration. 

The larger, more nearly complete idea of the genesis of ore- 
deposits comprises all of the old ideas, shows that instead of 
being contradictory, as supjiosed by many, they are mutually 
supporting ; combined, they furnish a much more satisfactory 
theory than any one of them alone. How true these statements 
are will later more clearly aj)pear. 

In the first stage of the concentration of many deposits the 
waters are descending. During the descent they are wudely 
dispersed in small passages, have an exceedingly large surface 
of contact with the rocks, come under conditions of increasing 
temperature and increasing pressuie, and are moving slowly 
downward All of these conditions favor solution to the point 
of saturation The various metalliferous elements present in 
exceedingly small quantities in the rocks, as well as many other 
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compounds, are picked up. (See pp. 64-67.) Tins follows from 
tliG law of physical chemistry, that a solution will hold some 
part of all of the elements with which it is iii contact. "While 
deposition as a whole may he occurring in the belt of cementa- 
tion, solution of the ores certainly takes place. 

The waters which perform the first work in the genesis of ore- 
deposits are descending waters 

Superimposed upon the downward component of the moving 
waters is a lateral component. This lateral component, com- 
bined with the vertical component, carries water sooner or later 
to the trunk channels The amount of water taking part in 
the lateral movement is greatest near the surface of ground- 
water, and from that surface steadily decreases to the bottom 
of the zone of fracture. It has been explained that all fissures 
and other openings gradually die out below as the zone of rock- 
fiowage is neared. (See iip. 33-86 ) Therefore, for a given 
fissure, the waters which enter it do so from the side or top, 
not from the bottom. Furthermore, the water does not enter 
the fissure at a single place, but may enter at numberless points 
all the way along its course, from the deepest parts of the 
fissure to the surface. Somewhere, however, the water which 
enters a fissure must fl.ow from it This place may be at the 
surface of the ground or at a considerable depth below the 
level of groundwater (see Fig. 6). The streams entering the fis- 
sure at high levels may have a downward component, and con- 
tribute water abundantly. Below the level at which water 
escapes laterally from a channel of given size, the water con- 
tributed to it decreases on the average with increase of depth, 
until in the deeper part of the zone of fracture the contributions 
are very small. Posepny* calls attention to the generally ob- 
served fact of the decreasing amount of laterally contributed 
waters as depth increases. As a specific instance of this, he 
mentioned the Przihram district, in which the water which 
enters the fissures below a depth of 300 meters is so small as 
to be insignificant. 

While the amount of water laterally entering a fissure 
steadily decreases from near its top to the bottom, the amount 


* "Grenesis of Ore Deposits,” by F Posepny (Discussion, 1894), Trans,, 
xxiy , 971 
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of mineral material ^oer unit volume in all probability steadily 
increases , for tbe waters entering at a low level take a longer 
journey through smaller openings and at higher temperatures 
and pressures than the waters entering at a high level. There- 
fore it is clear, if the rocks with which the deeper water comes 
in contact can furnish metalliferous materials, chat such water 


Fig. 6 



Ideal Vertical Section of tlie Flow of Water Entenng at a Number of Points 
on a Slope, and Passing to a Valley Below, through a Homogeneous Medium, In- 
teriLipted by Two Open Vertical Channels, on the Slope and in the Valley Ee- 
spectively 

will he heavily loaded. It follows from this, even if the 
amount of ivater which is furnished in a given brief time to a 
fissure he small, that such water may furnish from the country- 
rock much more mineral material in solution than sufficient 
to entirely fill a fissure during its long life. This is evident 
from the following. "Water issuing at the surface from nini- 
eral springs generally contains more than 1 part of silica m 

VOL. XXX.— 6 
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100,000 If it be premised that only as mneb silica be de- 
posited as issues at tbe surface, in order completely to fill a 
fissure it would be necessary only to su^ipose that the amount 
of water which enters a unit length of a fissure is 100,000 
times as great as the volume of a unit length of the oiiening 

We now understand that the amount of water entering a 
fissure decreases from the level of groundwater to its bottom, 
but that the amount of mineral matter brought into the fissure 
by the water (but not necessarily deposited) increases per unit 
volume from top to bottom. It is, therefore, impossible to 
make a general statement as to whether more mineral material 
IS contributed to a trunk channel in its upper portion or in its 
lower portion. Doubtless this varies in diflerent cases Other 
conditions than amount of water or depth may be controlling 
factors in this respect. For instance, if igneous rocks be in- 
truded at high or low levels only, the presence of the igneous 
rocks may furnish conditions which determine the amount of 
metalliferous material contributed by the waters 

While the foregoing paragraiihs imply that the lateral mov- 
ing waters are also downward moving, this is meant only as a 
general rule The lateral movement may be accompanied by 
no downward movement Hot only this, but lateral movement 
may be accompanied by an upward component. Indeed, this 
is believed to be very frequently the case, especially so far as 
the main branch streams in the deeper parts of the zone of 
fracture are concerned In so far as there is an upward compo- 
nent in these branch streams, the reactions which obtain are 
the same as those of the trunk channels to be considered 
below. 

From the foregoing, it appears that ores are earned to trunk 
channels by laterally mooing waters. Lateral secretion is therefore 
an essential step in the first concentration of ore-deposits, although 
I use the term lateral secretion in a broader sense than did 
Sandberger. 

We have now reached the place where the ore-deposits 
themselves are found. As already noted, these mainly occur 
in the more continuous larger openings. These openings are 


* “Lists and Analyses of the Mineral Springs of the United States,” by A C 
Peak, Bull U S Geol Surv , No 32, 1886 
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occupied "by tlie trunk streams of circulating waters, and 
therefore the journey of the water is in the latter part of its 
course. Hence these trunk streams, as has already been 
shown (p 61), hare in general an upward rather than a down- 
ward vertical component. The waters reaching the trunk 
channel at any point immediately begin their ascent. At any 
given cross-section of a channel there must pass all of the 
water contributed below. This amount at great depth has 
already been seen to be small From a small amount, the 
waters steadily increase in volume to the point where they 
begin to escape laterally from a trunk ehannel (see Fig 6). 
Hence from a trunk channel of a definite size the circulation is 
slow below and increases in speed above. Hear the bases of 
the channels from which the Mammoth Hot Springs and geysers 
of the Yellowstone Park issue the amount of water contributed 
may be small, and the movement of the water may be exceed- 
ingly slow. Even if true, as held by some, that rapid movement 
of water is unfavorable to deposition of ores, it is wholly possible 
at moderate depths and es]pecially in the deeper parts of a 
channel from which the flow at the surface is rapid, that the 
conditions are those of slow movement and rapid precipitation 
of ore-deposits. 

As the water passes upward, the variety of solutions as well 
as the amount increases; for each stream differs in its salts 
from any other, since no two streams can possibly have had 
exactly similar histories. Moreover, the character of the wall- 
rock may vary from place to place. The pressure and the 
temperature are also lessening These conditionsr are favorable 
to precipitation. Therefore^ many ores in iheir first concentration 
are •precipitated hy ascending waters. 

It is now clear that a satisfactory account of the genesis of 
ores includes ascending waters. By the ascending wateis many 
ores in their first concentration are actually precipitated, and 
thus the emp)hasis which has been placed upon this part of the 
work of circulating waters. 

The broader statement of the genesis of a great class of ore- 
deposits is that the water after penetrating the earth is widely 
scattered in contact with rocks in innumerable minor openings. 
These waters travel downward with steadily increasing pressure 
and temperature. They take up the constituents of the ore- 
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deposits. The downward movement of the waters has super- 
imposed upon it a lateral component, as a result of which the 
w^aters are carried to the larger openings During this process, 
also, the waters continue to take material into solution In 
the larger openings where the waters are congregated they are 
upon the average at lirst ascending with decreasing tempera- 
ture and pressure, and there the ores are precipitated. 

Of course, from this statement it is not meant to imply that 
materials are not deposited by descending and lateral moving 
waters, nor that materials are not dissolved by ascending 
waters Indeed, it is certain that solution and precipitation 
are taking place at all times throughout the entire course of 
all the branches of the underground circulation. This is a 
necessary conser[uence of the laws of physical chemistry It 
is only meant to imply that in the first concentration of one 
class of ore-deposits, solution so far as the ores are concerned 
IS the rule for the descent and deposition for the ascent, 
although there is no doubt that there are many local excep- 
tions to this. 

It is of course understood that the underground circulation 
in any actual instance will be much more complex than that 
given in the simjcle ideal case which has been considered. This 
part of the subject will be developed. Dor instance, it is cer- 
tain that, in the same mineral-bearing area, immediately adja- 
cent trunk-channels may have had very difierent histones. This 
is especially well shown by the deposits of Butte, Montana, 
where there are two parallel main zones of mineralization, only 
a short distance apart, the mineral wealth of one of which is 
mainly copper, wdiile that of the other is mainly silver * Many 
of the other special factors which modify the simple general 
statement above given are discussed on pp. 138-166. 

The Precipitation op Ores by Ascending Waters. 

The precipitation of ores in the trunk-channels by ascending 
waters is of so much importance in the concentration of ores 
that this process needs further consideration. The precipita- 
tion results from the various principles given pp. 67-71 


“ Notes on the Geology of Butte, Montana,” by S F Emmons Ti ans , xvi. , 
54 , 1888 . 
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FrecvpitaUon by Decrease of Temperature and Pressure 

The general relations of solution and precipitation as a 
coiisec[iience of varying temperature and pressure have been 
considered pp 68—70. Where the increment of tempeiature 
IS normal, it has been seen that decreasing temperature and 
pressure resulting from the ascension of waters from at least a 
depth of 3000 meters are favorable to precipitation. Further- 
more, the same statement holds even if the increment of tem- 
perature is greater than normal, provided the temperature does 
not greatly exceed 100° 0., and cases in which water issues at 
the surface at such temperatures are very rare. Moreover, 
probably decreasing pressure and temperature with rising so- 
lutions at depths greater than 3000 meters are favorable to pre- 
cipitation Since it has just been shown that ascending waters 
are likely to be m trunk-channels, these are the places where 
lessening temperature and pressure are most likely to produce 
precipitates Therefore the openings of faults, joints and bed- 
ding partings and the more op)en places in porous sandstones, 
conglomerates and amygdaloids, are likely to have material 
precipitated in them as a consequence of lessening temperature 
and pressure. 

When one attempts to apply these general statements to spe- 
cific salts, we find experimental data lacking. It is undoubt- 
edly the case that decreasing temperature and pressure are much 
more influential in the precipitation of some salts than of others , 
and that with a few salts decreasing temperature and pres- 
sure are favorable to solution. Until experimental work has 
determined how the various salts commonly found underground 
respond to changing temperature and pressure, it is impracti- 
cable to specify the ores the precipitation of which are strongly 
favored by decrease of temperature and pressure. One would 
expect that precipitation as a consequence of changing tem- 
perature and piressure would tend to give a somewhat orderly 
vertical distribution of the various metalliferous ores. 

Precipitation by Mingling of Solutions. 

Precipitation in the trunk-channels is produced by reactions 
caused by the mingling of various solutions. The solutions may 
be those of solids in the water, or of gases in the water, or of 
both. According to the modern theory of solutions, a solid 
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dissolved in water is in the form of a gas , and therefore, so far 
as the precipitation is concerned, it makes no difference whether 
the substance in the water, if separated, would be a solid or a gas. 

It is evident that solutions from different sources are enter- 
ing a given tiunk-chaiiiiel at many places Each of the in- 
coming streams will have a solution different from that entering 
by any other stream, although in many cases the differences may 
be slight As a case of certain considerable differences may 
be mentioned the ascending and descending streams. (See pp 
122-123 ) Thus a multitude of streams of different composi- 
tion enter and mingle in a trunk-channel If in a chemical 
laboratory a multitude of solutions taken at random are thrown 
together, it is certain that various precipitates will be formed. 
It IS just as certain when the various solutions in an under- 
ground channel come together that precipitates will frequently 
form This mingling of solutions is one of the most impor- 
tant of all the factors which results in the deposition of the 
ores. I have little question that in this fact of the wide variety 
of solutions which enters a given channel we have in a large 
measure the explanation of the variable richness in ore-de- 
posits in a given fissure. It is well known that an ore-deposit 
varies in richness in an exceedingly irregular manner At a 
place in a fissure where a metal is abundantly found, the ex- 
planation in many cases is certainly that at or near that place 
there entered a stream which either carried the precipitated 
metal or carried an agent capable of precipitating the metal 
which was already in the trunk-channel For instance, it is 
believed that where the great bonanza of the Comstock lode 
was found, there or near there entered either solutions rich in 
gold and silver which met other solutions capable of precipitat- 
ing this gold and silver, or else at that place there entered a 
solution having a compound which was capable of precipitating 
the gold and silver already traveling upward within the lode. 
Perhaps the former hypothesis is the more probable. 

Ore-chutes, or chimneys of ore of exceptional richness, are 
very frequent phenomena in veins These are sometimes 
parallel with the dip, at other times pitch to the right or left 
of it. The explanation of these ore-chutes in many instances 
I believe to be a cross-fracture or joint through which waters 
entered, either carrying metalliferous material itself or solutions 
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capable of precipitating the metalliferous mineral in the trunk- 
clianiiel at the place where the lateral streams of water entered. 

The lead and zinc deposits of the Mississijipi valley, accord- 
ing to J enney, are larger at the crossings of two sets of fissures 
than elsewhere Tins may be partly explained by the greater 
abundance of the solutions furnished by two sets of fissures, 
but are probably at least partly explained, as suggested by 
J enney,"* * * § ' by the mingling of two diftereiit kinds of waters, thus 
giving conditions favorable for precipitation. 

In the Enterprise mine, at Rico, Col., described by Rickard,! 
the ore-bodies are in vertical veins and in flats under shales. 
"While a set of cross-veins is barren, “ the rich ore-bodies overlie 
them ill the contact zone.” Below the shale it is common to 
find ores of more than average grade in the pay veins where 
they are broken by the cross-veins. It is believed the explana- 
tion of these relations is the reactions resulting from the mingling 
of the solutions of the “ verticals ” with the inclined cross-veins 
The silver-lead deposits of the Aspen district of Colorado, 
described by Spurr,J furnish an instance of very probable pre- 
cipitation of nch ore-chutes by the mingling of solutions 
Spurr states that generally an ore-body is “ found at the inter- 
section of two faults, one of these faults usually clipping 
steeply, while the other is much flatter.” For this “the 
explanation is offered that by the mingling of solutions which 
had previously flowed along different channels the precipitation 
of metallic sulphides was brought about.” 

Probably the rich ore-chutes of gold ore in the Sierra Hevada, 
which, according to Lindgreii, pitch to the left as one looks 
down the veins, further illustrate the pniicixile of precipitation 
by mingled solutions. For the most part, Lindgreii makes no 
statement as to the relations of ore-chutes and lateral seams. 
However, on the Canada Plill vein there are “ occasional rich 
bunches at the intersections” of the two systems of veins. § 

* “ The Lead and Zinc Deposits of the Mississippi Valley," by W P Jenney, 
Trans , xxii , 1894, pp, 189-190, 224 

t “The Enterprise Mine, JRico, Col by T. A. Eichard, Trans , vol sxvi, 
1897, pp 977-978 

t “Geology of the Aspen Mining District, Colorado," by J E Spurr, Mon 
U S Geol Survey, No. 31, 1898, pp, 230, 234-235 

§ “The Gold-quartz Veins of Nevada City and Giass Valley, California,” by 
Waldemar Lindgien, 17th Ann Bept Z7, S' Geol Sun , pt ii., 1896, p 196 
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It is believed that the Cripple Creek deposits likewise illus- 
trate this principle Penrose* notes that many of the rich ore- 
chutes occur at cross-fissares The formation of these ore- 
chutes at such places is doubtless partly explained by the 
greater amount of solutions furnished at an intersection of two 
trunk-lines of underground circulation ; but it is thought prob- 
able that the mam cause for the formation of ore-chutes at 
such places is the reaction of solutions furnished by one set of 
fissures upon those furnished by the other set. However, it is 
but fair to say that Penrose makes the explanation the 
“ mechanical one, in deflecting the course of the ore-bearing 
solutions 

While apparent irregularities in the kinds and percentages of 
metals are doubtless in many cases explained as above, the dis- 
tribution of the metals in a definite order from the surface 
downward, and the general law that many valuable metallifer- 
ous ores grow poorer in depth if the measure be 1000 meters 
or more are to be exj)lained by other principles Of these, 
varying temperature and pressure are important, but more 
important in many instances, as will be shown subsequently, 
is a second concentration produced by descending waters. 

Meaciions Due to Wall-Rocks. 

Precipitation of metalliferous ores from the solutions in the 
trunk-channels due to the influence of the wall-rocks are fre- 
quently produced in the following ways- (1) It has already 
been explained that a solid when placed in contact with a liquid 
may precipitate some compound previously held in solution, some 
part of the solid going into solution at the same time. Thus, the 
wall-rock may precipitate ores. (2) The wall-rock produces an 
effect upon the trunk-solutions by furnishing precipitating solu- 
tions to it, and this may result in precipitation of metals already 
in solution within the trunk-channels. (3) The wall-rock itself 
may furnish metalliferous material for the ore-deposit which 
may he precijiitated when it reaches the trunk-channel by the 
solutions there contained. This has been greatly emphasissed, 
probably over-empliasized, by Sandberger. Where the wall- 
rock is easily soluble, ready enlargements of the openings occur, 

“Mining Geology of Cripple Cieek, Colorado,” by E A. F Peniose, Jr, 
lUh Am, JRept. XJ S Geol Sun., 1894-95, pt. ii., pp. 164-165, 1895 
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furnishing places for the deposition of the metalliferous mate- 
rial. (Seepp 158-161) 

It IS believed that the effect of the wall-rock in these various 
ways in the production of many ore-deposits is of great im- 
portance. As an illustratiouj may he cited the very general 
association of lead-ores with limestone. Probably by far the 
larger portion of the lead-ores mined in the past have come 
from within limestone. I believe it to be highly probable that 
the position of the ores in limestone is due to the character of 
this rock. Any one of the factors above mentioned might be 
more important in a given case, but doubtless in many in- 
stances two or more work together. Thus, the position of 
the lead in a limestone may be partly explained by reactions 
between the solutions of the trunk-channel entering the lime- 
stone and the limestone itself Or, the precipitation of the 
lead may be partly the result of the reactions between the 
solutions furnished by the trunk-channel and the solutions fur- 
nished by the limestone. In a given case the waters of a trunk- 
channel entering the limestone may be acid. The solutions 
from the limestone would immediately react upon this solution, 
tending to neutralize it, and the precipitation of lead sulphide 
might be a consequence. Or, the wall-rock might furnish the 
lead, as in the Mississippi valley. The ready solubility of the 
limestone would furnish the openings and caves, giving a re- 
ceptacle for the lead, as in southwestern Wisconsin. 

A still clearer ease of precipitation resulting from the influ- 
ence of the wall-rock is the well-known occurrence of metallic 
copper about grains of magnetite, and in the openings of sand- 
stones, conglomerates and amygdaloid of Eeweenaw Point.* 
Where the copper is about the magnetite it seems perfectly clear 
that the protoxide of iron in the magnetite was the reducing agent 
which precipitated the metallic copper. f The metallic copper 
between the particles was doubtless precipitated by ferrous 
solutions furnished by the wall-rocks, which in many cases are 
basic volcanics 

The reactions due to the country-rock are more likely to be 
effective in proportion as it is porous, and therefore allows solu- 

* “ The Copper-Beaxing Eocks of Lake Superior,” by E D Irving, Mon U S. 
Geol Burv , No 5, 1883, p 420. 

t Irving, cit , PI XVI., Fig. 1 
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tious to permeate it. The conntry-rock is especially eflective 
in its reactions where the trunk-channel is a complex one, and 
gives a large surface of action. This is illustrated hy the Calu- 
met and Hecla conglomerate, hy the Cripple Creek ore-de- 
jDosits,* and hy many other districts (see p. 140). 

A particularly clear illustration of the effect of the wall-rock 
is furnished hy ores in which the sulphides are confined to strata 
containing organic matter, as in some copper-depositsf and some 
of the gold-reefs of Australia. In the case of the copper-de- 
posits, the organic matter has in all probability reduced sul- 
phites or sulphates to sulphides. The function of the organic 
material in the case of the gold may have been to reduce it to 
metallic gold, or to reduce it through the production of ous 
salts, for instance, ferrous sulphate (see pp. 118-120). 

General. 

In conclusion, it may be said that the precipitation of metal- 
lic ores hy the mingling of various solutions is probably the 
most important single factor which results in the first concen- 
tration of ores. Probably next in importance to this are the re- 
actions upon the trunk-streams due to the wall-rocks. Inas- 
much as the waters of lateral streams from beyond the 
wall-rocks must pass through the latter, many of the streams con- 
tributing through the wall-rocks to the trunk-channels produce 
an effect partly due to materials more remote than the wall- 
rocks and partly to the wall-rocks. Thus in many cases the 
effect of solutions beyond the wall-rocks and that of solutions 
furnished by the wall-rocks cannot be discriminated. How- 
ever, since the effect of the wall-rocks has been so much dis- 
cussed, it seemed to me best to treat the two separately as far 
as practicable. 

Diminishing temperature and diminishing pressure, while 
probably subordinate in their effect to the mingling of streams 
and reactions due to the wall-rocks, are ui many instances un- 
doubtedly important, and in some instances may be the domi- 
nant factors. In general, the tendency of writers has been to 


* “Mining Geology of Cripple Creek, Colorado,” by E A F Penrose, Jr , 
IdiA Ann Bept U. S Geol Sum , 189A-95, pt ii , p 163, 1895. 

t “The Genesis of Ore-Deposits,” by P. Posepny, and Discussion of same, by 
F. M F Cazin, Trans Am. Inst. Mm. Eng , vol. xxin,, 1894, pp. 316, 606-607. 
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empliasize tlie effect of diminisliiDg temperature and pressure, 
and to minimize or even disregard altogether the effects of 
mingling solutions or the wall-rocks, or both. 

The Gom2DOiinds Deposited by Ascending Wafers. 

Of the metalliferous ores, those of iron, copper, lead, zinc, 
silver and gold are the more important Wliere these are 
deposited by ascending waters they occur mainly as sulphides 
In many cases the sulphides are simple binary salts. However, 
sulpharseiiites and sulpharsenates, sulphantimomtes and sul- 
phantimonates are common, but these also are sulphides, and all 
will be thus referred to without qualification. Besides sulphides, 
metallic products sometimes occur, as in the case of copper and 
silver ; also tellurides, carbonates and silicates are formed. 

Why average compounds deposited by ascending waters are, 
for the most part, not oxidized compounds, but sulphides, 
tellurides, or metallic compounds, is easily explained. The 
widely disseminated, downward-moving water, bearing oxygen, 
is robbed of this constituent early in its course. Ferrous com- 
pounds are abundantly present in the rocks in the forms of 
magnetite and silicates. Iron is a strong base ; and where ter- 
rous compounds are present they continue to abstract the oxy- 
gen of the downward moving waters until it has practically dis- 
appeared. Moreover, buried organic matter takes oxygen from 
underground waters In believing that the sulphides are com- 
monly precipitated by ascending waters in the openings below 
the level at which oxidizing solutions are active, I follow Le 
Conte and Posepiiy.* 

Source of the Metals. — ^The nature of the rocks which contribute 
the metallic salts has been much discussed. With Sandberger,t 
I have little doubt that the metallic constituents of ores are in 
large part derived from the igneous rocks which have been 
intruded or extruded into the lithosphere; and especially is 
this true of the basic rocks. Le ConteJ points out that the un- 
doubted frequent occurrence of workable ore-deposits in regions 
of vulcanism may be exiilained by the heat furnished by the 

* On the Genesis of Metalhfeioxis Veins,” by Joseph Le Conte Am Journ 
Sci , thud series, vol xxvi , 1883, p 4 “The Genesis of Ore-Deposits,” by F 
Posepny, Ti ans. , xxiii , 1894, p 236 
t “ TJntersuchungen nhei Erzgange,” by F Sandbeiger, 1882. 
t Op. at , p 10. 
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igneous rocks, tliis promoting the work of nndergronnd solu- 
tions. That the heat furnished by the igneous rocks is a very 
important factor in the production of the ore-deposits, I have no 
doubt Since it is very difficult to prove that the metallic con- 
tent of an Igneous rock is original, it is impossible to make any 
general statement as to whether the metallic content or the 
heat furnished by the igneous rocks is the more important in 
the production of ore-de]posits. It seems to me clear that both 
are important ; and equally clear, in many cases, that both work 
together. That is to say, an igneous rock may furnish all or a 
part of the metal which appears in an ore-deposit, and the heat 
of the same igneous rock may greatly assist its concentration 
by the underground waters. 

While the massive igneous rocks are the undoubted source of 
a large portion of metallic deposits, it is also equally certain 
that another large part is derived from the sedimentary rocks 
and the metamorphosed, or partly metamorphosed, igneous and 
sedimentary rocks. Lastly, it is also certain that many ore- 
deposits derive their metalliferous content in part from igneous 
rocks and in part from sedimentary rocks Probably this is the 
most frequent of all cases. To give any estimate of the relative 
amounts of metalliferous materials derived from the original 
igneous rocks and from the secondary rocks is quite impossible. 

This statement will, of course, be very unsatisfactory when 
applied to an individual district. However, it is not the pur- 
pose of this general paper to consider individual districts, ex- 
cept as they illustrate principles. It is properly the part of the 
geologist or mining engineer who studies an individual district 
to find the source of the metal. In many cases, careful inves- 
tigations can undoubtedly determine this point, as, for instance, 
that of the iron-ores of the Lake Superior region In other 
districts, however, the most exhaustive study may not enable 
the investigator to determine the source of the metalliferous 
material This is especially likely to be true of ore-deposits 
produced by ascending waters from a somewhat deep circula- 
tion. The underground waters may have their sources of sup- 
ply in rocks which do not reach the surface, and have not 
been penetrated by the mine workings. 

In concluding this part of the subject, it may be suggested 
that in many instances mistakes have been made in assuming 
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tliat some one formation, sedimentary or igneous, is tlie sole 
source of the valuable metals. Such an assumption is particu- 
larly prevalent in pajpers descriptive of gold deposits and silver 
deposits In many districts where there are various sedimen- 
tary and igneous rocks, I have no doubt that the silver and gold 
are partly derived from two or several formations. 

Source of the Sulphur of Sulphides — According to modern 
research, the metallic sulphides are original constituents of 
igneous rocks. This is a direct observation; but even if the 
observation had not been made, the large amount of sulphur 
compounds issuing from the interior of the earth in connection 
with vnlcaiiism would lead to the conclusion that sulphides must 
exist in the igneous rocks It is therefore probable that sul- 
phur, as sulphide, is or was present in sufficient quantity in the 
original rocks to fully account for all of the sulphur compounds 
in the ore-deposits. 

It is, of course, well known that sulphides in the belt of 
weathering are largely oxidized to sulphites and to sulphates, 
and taken into solution by descending waters These com- 
pounds join the sea of underground water. There the sulphites 
and sulphates, either just below the level of groundwater or at a 
greater depth, may come in contact with buried organic mate- 
rial. Under these conditions it is well known that the sulphites 
and sulphates are reduced to ous salts, or to sulphides. 

Occasionally the metals maybe carried to the trunk-channels 
as sulphites and sulphates, and there be reduced to sulphides 
This would be especially likely to happen where the ores are^ 
disseminated through beds bearing carbonaceous material 
Oazin mentions the Vermont copj)er-mine as a case where the 
ores are mingled with organic material.* Eickard mentions a 
number of cases where the deposition of the ores is confined 
to material containing organic matter, the more important 
being those gold-bearing sulphide reefs of Australasia, Cali- 
fornia and Colorado, where the ore is associated with strata 
bearing organic matter f 


- “Discussion of the Genesis of Ore-Deposits,” by P. M F Gazin, Tram, 
xxiii , 1894, 606-607 

t “ The Ongin of the Gold-Beaiing Quartz of BendigoJEleefs,” T A Eickard, 
Ttans , xxii , 1893, 314-315 “The Enterprise Mine, Eico, Colo ,” T A Eick- 
ard, XXVI., 1897, 977-979 
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Ill one case of the gold-quartz veins of California, in carbo- 
naceons argillite, pyrite occurs in the argillite but not in the 
quartz. This is very strongly suggestive that the carbonaceous 
matter of the argillite has reduced the sulphates to sulphides. 
This occurrence in the California gold-belt is especially sug- 
gestive, since the analyses of two springs of ascending waters 
at the 400-foot levels in two separate mines show the presence 
of considerable quantities of sulphates.* 

Probably also sulphites and sulphates may be reduced to 
sulphide by ferrous iron in the rocks If this reaction takes 
place, it should be especially characteristic of the more basic 
rocks. The frequent occurrence of sulphides iii the altered 
basic rocks, and especially the scoriaceous basic rocks, is very 
strongly suggestive that this reduction has taken place. So far 
as I know, this reaction has not been before suggested. It is 
probably an important one in the reduction of the sulphites 
and sulphates to sulphides in the lower part of the zone of frac- 
'ture, and may explain the deposition of sulphides in rocks where 
organic material is not available for the reduction. 

The sulphides, whether as original constituents of the igne- 
ous rocks or produced by the above reactions, are taken into 
solution and deposited in the main channels of water-circula- 
tion. Of the fact of the solution and deposition of the sul- 
phides there can be no doubt However, the solvents in ditfer- 
ent eases are doubtless different, and moreover, in a single case, 
the solvents are probably complex. It is well known that the 
sulphides of the valuable metals are somewhat freely soluble 
in alkaline solutions, and especially solutions of the alkaline 
sulphides f Furthermore, from observation in the field it is 
known that certain of the sulphides have been thus transported, 
as for instance at Steamboat Springs and Sulphur Bank,:j' and 
doubtless this manner of transportation is very common How- 
ever, as shown in another place, the bicarbonates with an ex- 
cess of carbon-dioxide are the most abundant compounds in 
underground solutions. These bicarbonates are largely those 


* “The Gold-Quartz Veins of Nevada City and Grass Valley, California,” by 
Waldemar Lxndgien, 11th Ann Bept U S Geot Surv , pt li , 1895-96, p 81 ; 
also Plate VIII , p 140, and pp, 121-123, 172-173 
t Lindgren, op cit , pp. 177-178 

t Le Conte, cit , Am Jour Sei , Third Series, vol xxvi , p 3 
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of the alkalies and alkaline earths Such carbonated waters also 
favor the solution of sulphides Fiirthermorej sulphides are 
doubtless rendered more soluble by the presence of various 
other compounds in the underground solutions. However, the 
transportation of sulphides is not limited to solutions which bear 
other compounds ; for the sulphides themselves are soluble in 
pure water to some extent, as has been shown by Doelter.'*^ 

But in whatever form the sulphides are transported, they are 
largely precipitated in due time in the trunk-channels. By denu- 
dation these sulphides may again reach the belt of weathering 
when the cycle is complete The sulphide may be again oxi- 
dized to sulphate, and so on. It is therefore clear that sul- 
phur, as sulphide and sulphate, may again and again take part 
in the deposition of ores;t but the first source of the sulphur 
must be the sulphides of the original rocks 
In this connection Chamberlin has noted that in Wisconsin 
waters comparatively near the surface bear oxygen and oxidized 
compounds, while deep artesian waters are “ marked by slightly 
sulphuretted waters.”J Thus analyses of waters in a region of 
comparatively undisturbed sedimentary rocks confirm the state- 
ments of the previous paragraphs. That is to say, waters which 
are deep-seated, and therefore must take an upward journey to 
reach the surface, are likely to bear sulphides. 

While it IS believed that sulphides are generally deposited by 
upward-moving waters, this is not supposed to be the universal 
case. Hature’s processes are always too complex to be covered 
by a single general statement. As a result of mingling solutions 
at various places, and of reactions between solutions and walls, 
many lateral moving and downward moving streams doubtless 
do deposit rather than dissolve sulphides. Indeed, in the fre- 
quent case already noted, where in downward-moving waters, 
sulphites or sulphates are reduced by organic matter to sul- 
phides, precipitation of a portion of the sulphide is usual. But 
still the statement would hold true that upon the average more 
sulphides are dissolved by descending waters than deposited, and 
more sulphides are deposited by ascending waters than dissolved. 


* Lindgren, op cit , pp 179-180. 

f Le Conte, op cit , p. 13 Compare Posepny, Trans , xxiii , 1894, 263 
t “The Ore-Deposits of Southwestern Wisconsin,” by T C Chamberlin, Geol. 
Wis , vol IV , 1882, p 547. 
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"We conclude, therefore, that, whatever the source of the sulphides 
as first concentrates, these ores are generally deposited by ascending 
waters m the trunk-channels. 

Source of the Carbonic Acid of Carbonates. — ^Aside from sulph- 
hydric acid, the other acid of great importance in the deposi- 
tion of ore-deposits is carbonic acid. This as is well known 
is, indeed, the dominant acid contained in issuing underground 
waters. This point both Le Conte and Posepny strongly em- 
phasize.* I have already ]oointed out two sources for the 
excess of carbon-dioxide held in the underground waters. 
Where vegetation is abundant, carbon-dioxide is concentrated 
ill the soil. A large part of this is retained in the belt of weather- 
dug by the process of carbonation of the silicates, but another 
part joins the sea of underground waters. Another source for 
the carbon-dioxide is that liberated from cavities within rocks. 
It 18 well known that in many rocks a large amount of carbon- 
dioxide IS included in innumerable microscopic cavities. When 
such rocks are complexly deformed in the zone of fracture, the 
fractures must intersect many of these cavities, and thus liberate 
the carbon-dioxide. Wliere there are zones of crushing, that 
is, where there are trunk-channels for percolating waters, the 
amount of carbon-dioxide which may thus be liberated maybe 
considerable. Another source for the carbon-dioxide is a pro- 
cess of silication, explained p. 77 , as a result of which the 
carbonates are decomposed by the silicic acid at depth, liberat- 
ing the carbon-dioxide. Therefore, deep-seated waters are ever 
receiving contributions of carbon-dioxide, and thus are con- 
tinually more capable of taking metals in solution, until the 
waters reach conditions where silication does not occur. 

In this process of silication alone is believed to be an adequate 
source of carbon-dioxide ; so that metals may be carried as bicar- 
bonatesand the water also hold a further excess of carbon-dioxide. 

A very interesting confirmation of the liberation of silica by 
the process of carbonation near the surface and the liberation 
of carbon-dioxide, probably by the process of silication at depth, 
as above explained, is furnished by the G-eyser mine of Ciistor 
county, Colorado, described by Emmons.f Here waters were 

* Le Conte, op cit , p 11 Posepny, Tram , xxiii , 237 

t “ Tlie Mines of Custer County, Colorado,” by S. F. Emmons, Vlth Am Bept 
U S Geol Swv , pt. 11 , 1895-96, pp 460-464 
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analyzed from the 154 meter and the 615 meter levels. The 
superficial waters contained ten times as much silica as the 
deep-seated waters. In the deep waters the carhonic acid is 
greatly in excess of that contained in the vadose circulation. 

General. 

The foregoing statement explains to some extent the source 
of the compounds deposited by ascending waters But it is 
not the intention here to discuss its application to each in- 
dividual metal. This I do not attempt, because I lack the 
necessary accurate observations upon which such a discus- 
sion should be based To tell in what manner each of the 
individual metals is carried will require very detailed investi- 
gation. For instance, the questions as to the condition in which 
gold occurs in the original rocks, the manner in which it is 
carried in solution, and the form in which it is deposited have 
been much discussed. However, the difficulties in this and 
other cases, since the modern theories of physical chemistry 
have been developed, do not seem to be so great as when it 
was supposed that we must regard each metal in solution as 
combined with some one acid. It has already been stated that 
all substances are soluble in water, and somewhat readily solu- 
ble in various underground solutions. It is believed that in the 
very dilute underground solutions, metallic salts are largely in 
the form of free ions. Therefore, in one sense, gold and other 
metals in solution are not combined with acid ions, although 
they are balanced by them. Where precipitated, a metal might 
be thrown down in the metallic state, as, for instance, copper, 
silver or gold, by the ions which once balanced it being balanced 
by other metals 

While it is not the purpose here to take up the solution and 
deposition of the compounds which occur in ore-deposits in de- 
tail, it is necessary to refer to the law of mass-action in this 
connection. Other things being equal, those compounds which 
are abundant will be dissolved in larger degree during the 
downward course of the waters, and the same compounds will 
be most abundantly precipitated in the trunk-channels. It is 
well known that iron is the most abundant of all the metallic 
compounds in the crust of the earth. In this fact, combined 
with the law of mass-action, we have the dominating abundance 

VOL. XXX —7 
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of iron snlpliide as compared witli all sulphides of other 
metals It is well known in many cases that the deeper a 
mine goes helow the level of groundwater, the greater the 
proportion of iron sulphide and the less the proportion of 
the other metals, as a result of which, combined with increased 
cost of working, it frequently does not pay to work a deposit 
beyond a certain depth. The law of mass-action explains the 
abundance of the iron sulphide ; it does not explain the fre- 
quent relative increase in the iron sulphide and the decrease of 
more valuable sulphides as one passes from the level of ground- 
water into deep workings. To explain this we must take into 
account the effect of the downward-moving waters, discussed 
under the succeeding heading. 

"We have now seen that the zone of fracture is searched by 
the percolating waters ; that metalliferous materials taken into 
solution by the downward and lateral moving waters are carried 
to the trunk channels of underground circulation , that in these 
trunk channels the metalliferous materials are precipitated in 
various ways Thus a first concentration, by ascending waters 
giving sulphurets and metals of some of the elements, is fully 
accounted for. 

In some cases the deposits thus produced are sufficiently rich, 
so that they are of economic importance. In these cases, which 
undoubtedly exist, but which perhaps are less numerous than 
one might at first think, a concentration by ascending waters 
has been sufficient. 

A conspicuous illustration of ore-deposits of this class which 
may be mentioned are the metallic copper deposits of the Lake 
Su]perior region. The copper was in all probability reduced 
and precipitated directly as metallic copper from upward mov- 
ing cupriferous solutions The reducing agents were the fer- 
rous compounds in the solid form, in part as magnetite and as 
solutions derived from the iron-bearing silicates ’When the 
copper was precipitated, the iron was changed into tbe ferric 
condition.* It is well known that metallic copper once formed 
is but slowly afiected by the oxidizing action. Oxidation has, 
in fact, occurred in the Lake Superior region, but from the 


* “ Paragenesis and Derivation of Coppei and its Associates on Lake Superior,” 
by E. Punipelly, Avi Jouu Scu, Third Senes, vol, u , 1871, p 353 
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facts now to be observed not to an important extent. An oxi- 
dized belt may have formed in pre-glacial times, but if so it 
was swept away by glacial erosion, and sufficient time has not 
since elapsed to form another Tlie ore-deposits now worked 
have apparently remained practically nnchanoed since the time 
of their first concentration. In this fact we have the explana- 
tion of the great richness of these deposits to extraordinary 
depths. 

As a case of sulphide deposits which continue to great depth 
without diminution in richness, may be mentioned the gold- 
quartz veins of Nevada City and Grass Valley, California 
According to Liiidgren, “it can be confidently stated that 
there is no gradual diminution of the tenor of the ore in the 
pay-chutes below the zone of surface decomposition,”* although 
within the same chute there are many and great variations in 
richness. This statement is applicable to deposits winch reach 
a vertical depth of 500 or 600 meters. If Lindgren is correct 
in thinking the gold-quartz veins of the Sierra Nevada do not 
diminish in depth below an extremely superficial upper zone, 
this would be a case in which sulphuret ores were sufficiently 
concentrated by ascending waters alone to afford workable ore- 
deposits. 

The Precipitation op Ores by Ascendinu and Descendino 
Waters Combined. 

Thus far we have considered ores precipitated by ascending 
waters alone. However, many of the ores thus produced have 
been profoundly modified by the action of descending waters. 

Where the point of exit of the ascending waters of the trunk 
channels is in a valley or near the level of surface drainage, 
the waters may continue to ascend quite to the surface How- 
ever, where the openings are below slopes the waters ordinarily 
do not continue to ascend to the surface, but make their way 
laterally from the trunk-channel at and below the level of 
groundwater (see Pig 6) Above the level of groundwater, 
and frequently for a certain distance below the level of ground- 
water, the movement is downward in the openings The water 


“The Gold-Qnartz Veins of Nevada City and Giass Valley, California,” by 
Waldeinar Lmdgren, 17 th Ann Bept U S Geol Swv , pt ii , 1895-96, p 163 
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tliiis moving downward includes not only that which directly 
passes into the trunk openings at the surface, but a much 
larger quantity which converges into these openings from the 
smaller openings on all sides. 

In regions in which mining is going on, denudation has ordi- 
narily truncated the veins for considerable depths, in many 
cases to hundreds or even thousands of meters. It is therefore 
clear, in a majority of cases, that portions of the fissures in 
which the waters are now descending were, in the past, in all 
probability much deep)er below the surface, and therefore the 
waters at that time in the larger fissures were probably ascend- 
ing During the time the ivater was ascending, the first con- 
centration of sulphurets and other products took place But 
as a result of the downward migration of the belt of weather- 
ing and the dowmward movement of w’^ater in that belt, altera- 
tion and secondary concentration of ore-deposits have taken 
place. This second concentration of ore-deposits is of the very 
greatest importance, and I believe largely explains the frequent 
greater richness of the iqiper 50 or 100 or 500 meters, and in 
some cases 1000 meters, as compared with lower levels. 

It has already been pointed out that the descending waters 
bear oxygen and carbon dioxide; and furthermore, that solu- 
tion is taking place Moreover, the belt of weathering is mi- 
grating downward because of erosion. The result of all these 
changes is to produce an upper belt of second concentrates from 
the first concentrates formed by ascending waters This material 
may bo divided into three parts (1) above the level of ground- 
water is a belt largely composed of oxides, carbonates, chlorides 
and associated products, which, however, may contain enriched 
sulphides (2) Above and below the level of groundwater is 
a transition belt composed of sulphides rich in the valuable 
metals, such as gold, silver, copper, lead and zinc, which, how- 
ever, contain subordinate amounts of oxidized products (3) 
Deeper down is a belt of lean suljphides bearing small amounts 
of the more valuable sulphurets, and which commonly passes 
into iron sulphide. Between the three classes of material there 
are gradations The oxidized belt gradually passes into the 
rich sulphide belt ; the rich sulphide belt gradually passes into 
the poor sulphide belt. 

The above results are due to a complicated set of reactions 
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winch cannot here be given in ML It is, however, clear that 
if the sulphides are equally abundant the sulphide which i& the 
most easily oxidized will be the first to disaiipear. The order 
of disappearance will therefore be iron, copper, zinc, lead, silver. 
It is, however, understood that the oxidation of an easily de- 
stroyed sulphide is not complete before the oxidation of a re- 
fiactory sulphide has begun. All of the sulphides are oxidized 
all the time, but the more readily a sulphide is oxidized, the 
more rapidly it is destroyed During oxidation the sulphides 
are largely altered to soluble sulphates, which are taken into 
solution and carried downward, 

Tha evidence of the extensive formation of sulphates in veins 
by descending water is found in the presence of sulphates in 
mine waters and in the frequent formation and precipitation 
of basic ferric sulphate in the veins, as, for instance, at Ciipple 
Creek,* and in the Mercur district, Utah f The formation of 
gypsum and magnesium sulphate iii veins is scarcely less posi- 
tive evidence of the oxidation of the sulphides to sulphates 
Further evidence of the formation of sulphates by oxidation of 
the sulphides is furnished by the hydrous sulphate of aluminum 
which occurs in the gold-veins of California % 

The sulphides, however, are not all oxidized to sulphates , a 
portion of them, by oxidation, break up into sulphurous oxide 
and oxides of the metals. A part of the oxides unite with the 
carbonic acid to produce carbonates Finally the oxides and 
oxidized salts, both formed in place and transported, react upon 
the unaltered sulphides, producing richer sulphurets. The 
reactions may be between an oxide or a salt of a metal and its 
sulphide, as, for instance, the oxide or sulphate of copper upon 
the sulphide of copper, as given by the following equations 

6CuS 4- 2CipO = 5Cu,S + SO,, 

and 

6CuS + 2Cu,SO, -f 3H,0 = 5Cii,S + 2H,SO^ + TI^SO,. 


* “ Mining Geology of tLe Ciipple Cieek District,” by E A F Peniose, Jr , 
IQth Ann Kept ZT S 0ml Swiv,pi ii , 1894-95, p 130 
t “Economic Geology of tlie Mercur Mining Distiict, Utah,” by J Eclw 
Spurr, IGi^/i Ann. JRept U S Geol Surv , pt ii , 1894-95, p 433 

I '‘The Gold-Quartz Veins of Nevada City and Grass Valley, California,” by 
■VValdemai Lindgren, VJth Ann Bept TJ S Geol Suiv , pt. ii , 1895-96, p 120 
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Or tlie reaction may be between the oxide or salt of one metal 
and tire sulphide of another metal, as, for instance, copper oxide 
or copper sulphate upon iron sulphide, thus precipitating cop- 
per sulphide. The particular reactions in an individual case 
will depend upon the relative solubilities of the compounds 
present, and the law of mass-action. This will more clearly 
appear upon subsequent pages 

The concentrations by ascending and descending waters have 
been considered as if they were successive. In some instances 
this may be the case ; but frequently it is much more probable 
that ascending and descending waters are at work upon the 
same fissure at the same time, and that their products are, to a 
certain extent, simultaneously deposited. For instance, under 
the conditions represented by Fig 6, a first concentration by 
ascending waters is taking place in the lower part of the fissure, 
and a second concentration by descending waters is taking place 
in the upper part of the fissure. Between the two there is a 
belt in -which both ascending and descending waters are at 
work. The rich upper part of an ore-deposit which is woiked 
in an individual case may now be in the place where ascending 
■vuaters alone were first acting, where later, as a consequence of 
denudation, both ascending and descending waters were at work, 
and still later, where descending waters alone are at work The 
more accurate statement for this class of ore-deposits, therefore, 
is that ascending waters are likely to be the potent factor in an 
early stage of the process, that both may work together at an 
intermediate stage, and that descending waters are likely to be 
the potent factor in the closing stage of the process 

The above general statement may perhaps be better under- 
stood if supplemented by a consideration of specific associa- 
tions of the metals. The associations which are chosen fox 
illustrative purposes are as follows (1) associations of lead, 
zinc and iron, (2) associations of copper atid iron, (3) associa- 
tions of silver and gold with the base metals. 

The Association oe Lead, Zinc and Iron Compounds. 

Ill order to understand the relations of the lead, zinc and 
iron compounds w^here they occur together in ore-deposits, it 
seems advisable to take an individual district rather than to 
make a general statement An excellent illustration of the 
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association of these metals is furnished by the Upper Missis- 
sippi Valley, and this district will therefore be considered. 

Facts of Occurrence, 

Here, as is well known, in openings in limestones, lead and 
zinc minerals are associated with marcasite, and some pyrite and 
chalcopyrite ^ Calcite is an abundant gaiigiie mineral, as would 
be expected, hut it and the other gangue minerals will here 
not be taken into account. Since the pyiite and chalcopyrite 
are very subordinate, they will not again be alluded to All of 
the sulphide of iron will he referred to as marcasite 

The order of occurrence in the district is commonly as fol- 
lows • Above the level of groundwater in the belt of weather- 
ing the dominant valuable minerals are galena and sniithsomte. 
Frequently encrusting the galena, or in crystals upon it, there 
are some cerussite and less anglesite, with the smithsonite 
there is some sphalerite. The smithsonite may extend 6 or 
10 meters below the level of groundwater; but deeper the 
oxidized products almost wholly disappear. The smithsonite 
below the level of groundwater is explained in some cases by 
the material being along a main channel of downward percolat- 
ing waters ; in other cases by the fact that the level of ground- 
water is probably now higher than it once was, as a result of 
depression and valley-filling at the close of the glacial epoch , 
thirdly, by the well-known general downward movement of 
oxidizing water somewhat below the level of groundwater, 
and, fourthly, by reactions between oxidized lead salts and the 
sphalerite. (See p. 106 ) Below the galena and smithsonite 
is sphalerite, with a large amount of marcasite f For much 
of the district the workings have not extended far below the 
level of groundwater, but in certain parts of the district work- 
ing has extended for a considerable depth. 

While the above general statement is correct for much of 
the district, it must be understood that a single sulphide does 


“ The Ore-Deposits of Southwestern Wisconsin,” by T C Chamberlin, Geol 
of TPis , vol IV , 1882, pp 380-393 

t Chamberlin emphasizes the infeiior position of the zinc as compaied with 
the lead and the association of the zmc and non, but he does not consider the posi- 
tions of these compounds with reference to the level of gioundwatei Loo cit., pp 
488-491 
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not occur at a given level to the exclusion of the others. In- 
deed, 111 many cases all of the sulphides are found at the same 
level In many of the smaller veins the sulphides occur in a 
definite order. The full succession at various openings, from 
the wall to the druse, is (1) marcasite, (2) ferriferous sphalerite, 
(3) galena, in cubic crystals, (4) ferriferous sphalerite (subordi- 
nate in quantity), (5) marcasite, (6) galena, in octahedral crystals 
(very subordinate in quantity) * Of this succession at various 
veins some of these elements are lacking. A very common 
order is (1) sphalerite, (2) galena, and (3) marcasite. 

First Concentration 

Ijlo clearer possible illustration could be found of the general 
principles of ore deposition by the underground waters, and the 
phenomenon of criistifieation emphasized by Posepny, than that 
furnished by this district. The first concentration is believed to 
be the work of ascending waters, the materials being precipi- 
tated in the form of sulphides. It is probable that there was a 
tendency at the time of the original crystallization for the sul- 
phides to be thrown down in a definite order across the open- 
ings, as shown by the phenomena of crustification. Further- 
more, it appears that there may have been two main cycles of 
precipitation, so far at least as the sphalerite and galena are 
concerned, but the first cycle was by far the more important. 
It is also possible that there was a tendency for the sulphides 
to be precipitated in a definite order vertically, as a consequence 
of which the marcasite was the predominate precipitate at the 
lowest level, sphalerite at the intermediate levels, and galena 
at higher levels. Such an order might be explained as a result 
of the lessening pressure and temperature as the depositing 
solutions rose in the openings. 

Second Concentration. 

■While it is possible that the vertical order of the minerals is 
due to a first concentration, it is probable that this is not the 
most important factor in the regular vertical distribution of the 
sphalerite and galena. It is believed that the present general 
order of these materials is mainly controlled by the downward- 
moving waters combined with denudation 


^ Chamberlin, he at , pp 491-497. 
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It is not necessary to show that the smithsonite above and a 
short distance below the level of groundwater was largely de- 
rived from sphalerite, and that the cerussite and anglesite were 
largely derived from galena. The details of the relations of the 
various oxidized and sulphuretted minerals above the level of 
groundwater are exceedingly complex, and no description of 
them will here be attempted. ISTor in this paper is it necessary 
to write reactions for the transformation of the sulphides into 
the oxidized products, since the general characters of such re- 
actions are so well known.'*' It is, however, necessary to ex- 
plain how downward-percolating waters may concentrate galena 
at a high level and sphalerite at a lower level. 

Galena — ^If it be premised that the ascending waters evenly 
distributed the sulphides, at least so far as the vertical element 
is concerned, it is certain that downward-moving waters, com- 
bined with denudation, may concentrate the galena at high 
levels and the sphalerite at lower levels. 

The galena is the most difficultly oxidizable of the three sul- 
phides It IS, therefore, the most stable of them By the oxida- 
tion and solution of the sphalerite and marcasite above the level 
of groundwater the galena would be concentrated That this 
process has taken place on an extensive scale is shown by the 
occurrence of many detached fallen crystals and masses of 
galena in the openings above the level of groundwater, and 
also at the bottoms of the wider openings and caves a short 
distance below the level of groundwater. Indeed, a considerable 
portion of the lead of the district which has been taken above 
or within a few feet below the level of groundwater strongly 
corroborates the idea of concentration as result of solution of 
the other sulphides which held the galena to the walls, thus per- 
mitting the material to drop to lower positions in the crevices f 

While the concentration of the galena is partly explained as 
above, it may be explained also in part by chemical reactions 
between the various compounds. In the belt of weathering 
part of the galena as already noted is being oxidized, as is 
shown by the incrustations and superimposed crystals of cerus- 
site and anglesite. During the formation of the sulphates and 


* CiiamberliTi, loe. at , pp 497-509 
+ CRamberlin, loe at , pp. 453 to 497 
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carlionates, a certain amount of these salts is taken into solution 
and earned dowmvard. These sulphates and carbonates would 
react upon the other sulphides present and reprecipitate the 
lead as galena. These reactions might take place to some 
extent above, but would be especially likely to occur below, 
the level of groundwater. As a result of the downward migra- 
tion of the belt of weathering, there would be in the down- 
ward-moving waters a continual supply of the sulphates and 
carbonates of lead. The chief reaction would be that between 
the lead salts and the dominant iron sulphide. Supposing the 
iron were in the form of FeS, the reactions may be written as 
follows : 

PbSO^ -f FeS = PbS -p FeSO,, 

PbC 03 -f FeS = PbS + FeCO^. 

If the iron be supposed to be in the form of FeS^, as is most 
likely, oxygen also would be necessary for the reactions. The 
equations would then be as follows * 

PbSO, -p FeS, -P 0, = PbS -p FeSO, -p SO,, 

PbCOg -P FeS, -P 0, = PbS + FeCO, -p SO,. 

However, it has been premised that with the original sul- 
phides zinc sulphide is present, and this may also react upon 
the lead salts, according to the following reactions • 

PbSO, -p ZnS = PbS -p ZnSO^, 

PbCOg + ZnS = PbS -P ZnOO,. 

In the case of the latter reaction, smithsonite would be 
formed In this connection it is notable that frequently asso- 
ciated with the galena for some distance below the level of 
groundwater, smithsonite occurs, as already noted. While a 
part of the smithsonite below the level of groundwater is of this 
origin, doubtless the larger portions of it are differently ex- 
plained (See p. 103.) 

To the foregoing reactions, partly explaining the concentra- 
tion of galena, objection may be made upon account of the 
small solubility of lead sulphate and lead carbonate. It is true 
that these substances are very sparingly soluble in pure water ; 
however, they are sufficiently soluble in waters bearing carbon- 
dioxide to account for the phenomenon. If this be not the 
case, the lead may have been carried downward as chloride. 
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Independent, liowever, of chemical theory, we know in many 
districts, and particularly in the lead and zinc district of south- 
western "Wisconsin, that the galena has been changed to some 
soluble form upon an extensive scale. As evidence for this in- 
ference, galena crystals above the level of groundwater are 
much corroded, and the amount of cerussite and anglesite asso- 
ciated with them is so small as not to account for the corrosion, 
and therefore the lead has been transformed to a soluble salt, 
which has been transported below in important amounts ^ So 
far as my argument is concerned, it is of no consequence 
whether the lead is as a sulphate, carbonate, chloride or other 
salt However, it is believed that these are the forms in w'hich 
the lead was transferred on the most extensive scale. I regard 
the cerussite and anglesite as evidence of the partial transfer of 
the lead as sulphate and carbonate. A large amount of sul- 
phate and carbonate probably formed, but the compounds are 
so insoluble that a part of the salts produced were not carried 
downward, but precipitated near the places of formation. 

Sphalerite . — Zinc holds sulphur less strongly than lead, but 
much more strongly than iron. Therefore, the sphalerite would 
be concentrated in the zone below the galena, the reactions 
being similar to those producing the galena. They may be 
written as follows 

ZnSO, -f- FeS = ZnS -f FeSO,, 

ZnCO, + FeS = ZnS -f FeCO,, 
or 

ZnSO, -f FeS, + 0, = ZnS + FeSO, -f SO„ 

ZnCOg -f- FeS, + 0, = ZnS + FeC 03 + SO’^. 

Maroasite . — At a certain depth in the openings below the 
level of groundwater, nearly all of the salts of lead and zinc 
descending from the belt of weathering would be precipitated 
by reactions between them and the iron sulphide, as above 
explained The remainder of this paragraph cannot be said to 
apply to the deposits of the upper Mississippi Valley; for the 
vertical extent of the veins is probably very limited, many of 
them apparently being cut off by impervious strata within short 
distances from the surface. However, in veins in which the 


Chamterliii, op. at., pp 498-499, 500 
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first concentration extends to a depth greater than that to which 
downward-moving waters are effective, only the snl})hnrets of 
the first concentration would he found below this level. These 
sulphurets would consist mainly of marcasite, with subordinate 
amounts of sphalerite and galena. However, even in this belt, 
concentration of galena and sphalerite may occur to some ex- 
tent, although it receives no contribution from the lead and zinc 
salts from above , for even after the salts of lead and zinc travel- 
ing downward from the belt of weathering are all precipitated, 
the waters may still hold oxygen. This oxygen would, to the 
largest extent, act upon the marcasite, producing to some extent 
soluble salts which would be abstracted, and thus reduce the 
quantity of this material, and relatively enrich the deposits in 
lead and zinc, although not increasing the absolute amount of 
lead and zinc jpresent in a given vertical distance. So far as the 
zinc and lead salts were oxidized by the oxygen-bearing water, 
these would react upon the iron sulphide again, and they would 
be precipitated according to the reactions above given. 

General 

It is believed that the concentration by descending waters 
explains, through the reactions given on pp. 106-107, the orderly 
distribution of the ores in a vertical direction,* although orig- 
inal deposition by ascending waters may have produced its ef- 
fect. Furthermore, it is believed that this concentration was 
the final determinative factor in making the ores so rich as to 
warrant exploitation. This statement in reference to the rich 
deposits ajpplies both to the oxidized products and to the sul- 
phurets, both above and below the level of groundwater This 
process of concentration is primarily chemical, but also to some 
extent is mechanical, the latter being especially true of the ga- 
lena loosened by solution from the walls which have fallen to 
the lower positions in the crevices and caves. 

While the reactions of the downward moving oxidized prod- 
ucts upon low grade sulphurets, thus producing rich sulphides, 
have been dwelt upon, it is not supposed that these are the only 
reactions which have resulted in enrichment. As pointed out 
by Chamberliii,f organic matter has made its way into the 


* Compare Chamberlin, op ctt , pp 561-653 
t Chamberlm, op at , p 644. 
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openings of tlie limestone, and as furtlier indicated by Cbamber- 
lin,^ and emphasized by Blake, f organic matter is abundant in 
certain of the slialy layers As argued by Chamberlin and 
Blake, organic material in the rocks from both of these sources 
was probably an important factor in the reduction and precipi- 
tation of the downward moving sulphates. As pointed out by 
Blake, the evidence of the effect of this organic matter is es- 
pecially clear in the cases of the large sphalerite deposits which 
rest upon the oil-rock at the top of the Trenton as a floor. 

My own views in reference to the concentration of the ores 
in the upper Mississippi valley differ somewhat from those of 
Chamberlin, J "Whitney, § and others, who have held that these 
ores are products of descending and lateral-secreting waters 
alone, but still more from those of Percivaljl and Jenney,‘f who 
have held that the ores were derived from a deep-seated source 
The first supposed the transportation to have taken place 
through igneous, the second through aqueous agencies. Since 
the discussion of this difference of view involves the influeuce 
of some of the special factors considered later, it is deferred to 
pp. 142-150. 

Therefore, so far as practicable, the above statement concern- 
ing concentrations by ascending and descending waters and the 
reactions of the sulphates upon the sulphides is made without 
reference to the special features of the upper Mississippi valley 
district This procedure has been followed because it is believed 
that in many of the lead and zinc districts of the world the 
above statement is applicable in its main features. 

The Association oe Cotpbr and Iron Compounds. 

Another very general association of metals is that of copper 
and iron. It is well known, where this association occurs, that 


* Chamberlin, op at , p 546 

t “Lead and Zinc Deposits of the Mississippi Valley,” by Wm. P Blake, 
Iham A I M E , xxii , pp 630-631 “ Wisconsin Lead and Zinc Deposits,” by 

Wm P Blake, Bull Q 8 A, yo\ y, 1894, pp 28-29 
t Chambeilin, op at , pp 544-549 
g Whitney, “Geol of Wis vol. i , 1862, pp 398, etseq 
II Percival, “Ann Eept Geol Surv of Wis ,” 1855, pp 30-33, “Ann Eept 
Geol Surv of Wis ,” 1866, p 63 

^ Jenney, “Lead and Zinc Deposits of the Mississippi Valley,” Anns Am Inst 
Min Eng , vol xxii , 1894, pp 219-223 
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above the level of groundwater, cuprite (Gu^O), tenorite (CuO), 
azurite (2C11CO3, Cu(OIiy and malachite (CuCOs, Cii(OH)^) are 
very frequently found. It is further very well known that 
below the level of groundwater these oxidized and carbonated 
Xiroducts occur in greatly diminished quantity, and that rich 
sulphurets frequently occur, such as chalcocite (CugS), bornite 
(CuaFeSg) and chalcoiiyrite (CuFeSJ, and sometimes covellite 
(CiiS) Somewhat deeper below the level of groundwater the 
oxides and carbonates are not found. Furthermore, the 
chalcocite, covellite and bornite are very generally restricted to 
the upper part of the belt of groundwater , deeper, the places 
of these minerals are largely occupied by chalcopyrite. ISTot 
only this, but still deeper the chalcopyrite is less prominent in 
many instances, and the iron sulphides more prominent. In 
the lower workings of many of the deeper mines the only 
metalliferous product found is cupriferous iron sulphides, the 
chalcopyrite having wholly disappeared. 

Whether or not this general statement is correct for a par- 
ticular area, each mining engineer can judge from his own 
knowledge. There may be exceptions to it, due to various 
causes, one of which has been alluded to in explaining bonan- 
zas. Thus below cupriferous pyrites there may again be found 
richer copper sulphides. Indeed, as before stated, ore-deposits 
vary greatly in their richness both horizontally and vertically,* 
and, the above statement can only be considered as a general 
average. 

The above order is believed to be explained by the work of 
downward-moving waters. The combinations of lead, zinc 
and iron were followed from above downward. The reactions 
which occur in the case of the copper-iron deposits we may per- 
haps follow, to vary the order, from the base upward At greater 
or less depths below the level of groundwater the ores are 
frequently cupriferous pyrites, the direct deposit of the ascend- 
ing waters. At a little higher level oxygen from above may 
have oxidized a portion of the iron and transported it else- 
where, thus relatively enriching the deposit in copper. At a 
still higher level there will he a contribution of soluble copper 
salts from above. Since copper sulphate would certainly be the 


* Tians., XXIV., 991-992. 
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most common salt, for convenience all tlie soluble salts will be 
regarded as sulphates. Reactions similar to those given below 
may easily be written for other salts 

At the level where salts of coiiper appear from above, by the 
reaction of the copper salt upon iron sulphide, chalcopyrite 
may be produced, the reactions following from the fact that 
copper-iron sulphides are less soluble than iron sulphides, and 
from the law of mass action. The reactions may be written as 
follows . 

CuSO, + 2FeS = CuFeS^ -f FeSO„ 
or 

CuSO, + 2FeS2 + 0, = CuFeS^ + FeSO, + SSO^. 

Where the iron sulphide is pyrrhotite, intermediate between 
FeS and FeS^, the reactions may be written by combining the 
above equations in proper proportions. 

In passing upward from the lowest level at which the chal- 
cop} rite appears, this mineral may steadily increase in quan- 
tity until it becomes an important constituent, and finally the 
iron sulphide may become subordinate. Under these circum- 
stances boriiite is likely also to appear. The production of 
bornite by the direct reactions of the copper salts upon iron 
sulphide may be supposed to be as follows . 

Cu^SO, + CuSO, 4- 8FeS = CugFeSg + 2FeS0„ 
or 

Cu^SO^ + CUSO 4 + 3FeS2 + Og = CugFeSg -f 
2FeS04 + 3SO2. 

However, the bornite may also be produced by the reaction 
of the copper salt upon the chalcopyrite itself. For instance ; 

2CuFeS2 + CuSO* +02= CugFeS^ + FeSO^ + SO^. 

Reactions might also be written for the production of the 
bornite from the chalcopyrite by the reaction of cuprous 
sulphate and oxygen. Further reactions might be written as 
result of which the bornite is derived from chalcopyrite and 
iron sulphide together ; but it is hardly worth while to do this, 
since no new principle is illustrated. 

Passing to still higher levels, with the chalcopyrite and 
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boriiite clialcocite may appear. The chalcocite may be pro- 
duced directly by the reaction of cuprous salt upon iron 
sulphide, as follows . 

Cu^SO, + EeS = Ou^S + FeSO„ 
or 

Cu^SO, -f EeS^ = Cu^S + FeSO, -f SO^. 

Furthermore, the chalcocite may be produced by reactions 
of the sulphates either upon the chalcopyrite or upon the 
boniite. Ill the first case the reaction may be written as 
follows 

OuFeS^ + CnSO, + 0 ,= Cu^S + FeSO, + SO,, 
or from the bornite by the following reaction 

Cu,FeSa + CuSO, + 0^ = 2Cu,S + FeSO, + SO,. 

Of course, it is understood that these sulphides overlap one 
another. Before the iron sulphide has wholly been replaced by 
chalcopyrite, bornite may appear. At the place where bornite 
has become reasonably abundant, chalcocite may be found. 
However, certain general statements may he made. If the 
dominating material is iron suliihide, the copper mineral which 
is present is likely to he chalcopyrite rather than the richer 
sulphnrets. Chalcopyrite, on the one hand, is likely to bo 
associated with the pyrites, and on the other hand with bornite, 
or even chalcocite Bornite and chalcocite are likely to be 
associated with each other and with chalcopyrite, but with the 
first two compounds iron sulphide is likely to be subordinate or 
absent 

At still higher levels in a mine, a moderate distance below 
the level of groundwater, oxidized and carbonated products 
may appear with the sulphnrets These mixed products, some- 
times called oxy sulphnrets, are well illustrated in the Appa- 
lachian, Arizona and Montana deposits.* Still higher, and es- 
pecially above the level of groundwater, the oxidized products 
may become dominant, for there the rich sulphnrets which 
have emerged from the level of groundwater have been 
directly acted upon by the oxygen and carbon-dioxide. A 

* “The Coppei Eesources of the United States,” by James Douglas, Tians , 
XIX , 1891 , 690 , et seq 
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senes of transformations now take place which may result in 
metallic copper, cuprite, tenorite, azurite and malachite. As 
in the case of the lead and iron, the nature of these reactions 
IS so well known that they will not here he written out. The 
oxidation of the sulphur and copper may be simultaneous, or 
the sulphur may he oxidized first, forming metallic copper, 
which may later be oxidized in whole or in part. The oxi- 
dized products may be first the oxide, cuprite. This may 
be altered to tenorite, and this, later, may unite with carbon- 
dioxide and water to form the hydro-carbonates, azurite, and 
finally, by further hydration, malachite. Illustrating this pro- 
cess, Prof Penrose has shown me, in a single hand-specimen 
from the oxidized belt of the Arizona mines, concentrically 
arranged metallic copper, cuprite, tenorite, and carbonate of 
copper, the copper being in the core and the carbonate of 
copper on the outside. The oxidized products may largely 
remain in place, furnishing rich ores, or they may be almost 
wholly dissolved and carried to lower levels, to react upon the 
sulphides, as already explained. 

Therefore, largely by processes of oxidation and reaction 
upon sulphurets, first forming rich sulphurets and later rich 
oxidized products, there may be concentrated in the upper few, 
or few score, or few hundred meters of a vein, a large part of 
the copper produced by a first concentration through a much 
greater distance. Since the reactions already considered are 
not the only ones which enter into the second concentration of 
rich deposits, individual illustrative eases are deferred until 
after the other factors are considered. (See pp 128-134.) 

By the foregoing it is not meant to imply that each copper 
sulphide deposit has gone through the entire history above 
detailed. Indeed, there is no doubt that the general story out- 
lined will need much modification when applied to an indi- 
vidual case. However, it is held that some process of sec- 
ondary concentration similar to that outlined has been a very 
important factor in the production of rich copper deposits at 
many localities. 

The Association of Silver and Gold with the Base Metals. 

The two common cases of the association of lead, zinc and 
iron, and that of the association of copper and iron, have now 
voii XXX. — 8 
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■been considered A similar set of transformations can be 
traced out in either of these classes of deposits which contain 
associated silver and gold. 


Siher. 

In the case of silver, it is well known that the original 
forms are generally sulphides, snlphantimonites, snlphanti- 
monates, siilpharsenites, and sulpharsenates. Silver sulphide 
is a compound which holds strenuously to its sulphur Ordi- 
narily it IS not sufficiently abundant to constitute the main mass 
of an ore-deposit. However, since it holds so strongly to its 
sulphur, the silver salts are likely to he found, in the case of 
lead-ziuc-iron compounds, most abundantly with the lead, less 
abundantly with the zinc, and least abundantly with the iron ; 
and in the case of the copper-iron comjiouiids, most abundantly 
with the copper and less abundantly with the iron. The rich 
silver compounds, viz., native silver, cerargyrite (AgCl), argen- 
tite (Ag^S), proiistite (Ag^AsS,), pyrargyrite (Ag^SbS^), steph- 
anite (Ag^SbSg), may be abundantly found in the upper parts 
of mines, but frequently decrease in amount m passing from 
the surface deep into the zone of sulphides, and at sufficient 
depth in this zone these silver minerals may entirely disappear, 
the products being wholly argentiferous lead, zinc, copper, and 
iron minerals. In many cases independent silver minerals do 
not occur at all, all of the silver being in the lead, zinc, copper, 
and iron compounds. In the case of the lead, zinc, and iron 
deposits, as the ores become poorer m lead and zinc, they are 
also likely to become poorer in silver. Also, in case the cop- 
per-iron deposits become poorer in copper with depth, the silver 
will also ordinarily decrease in amount Therefore the plumb- 
iferons and zinciferous pyrites and cupriferous pyrites deep 
down are ordinarily lower in silver than the deposits above, 
which are richer in the base metals. 

In this general paper it is hardly worth while to write the 
reactions for the production of the rich silver sulphurets. 
Since silver holds to its sulphur more strenuously than any of 
the base metals with which it is associated, the first of these 
baser metals which is met in mass will be reacted upon by the 
silver salts. Supj)Ose, for instance, that in the belt of weather- 
ing the silver sulphide is oxidized to silver sulphate or changed 
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to silver chloride The first of the salts and the second to 
some extent are taken into solution and pass down where they 
may come in contact with chalcocite. Argentite would then 
be precipitated according to the following reactions * 

Cii^S + Ag^SO^ = Ag,S + Cu,SO,. 

Cii,S + 2AgCl = Ag^S + 2CuCL 

In a manner similar to the treatment of the other salts, vari- 
ous other reactions could be written between salts of silver and 
the other sulphides of copper, lead, zinc and iron. For the 
present purposes, it is only necessary to understand that the 
silver will be concentrated either as an independent silver sul- 
phuret or as a silver sulphide associated with the rich sulphides 
of the base metals. 

As a case in which silver is concentrated in a sulphide rather 
than in the carbonate, may be mentioned the Leadville ores. 
Flere, according to Emmons, the galena is much richer in silver 
than the cerussite. Hot only is this so in general, but there are 
some very interesting special cases For instance, in the case 
of five assays of galena nodules which had carbonate crusts, 
“ there are six times as much silver m the galena as in the ce- 
russite.”* This discrepancy may be partly explained by the ab- 
straction of the silver as sulphate from the lead carbonate, but 
I suspect it to be mainly explained by the reaction of the oxi- 
dized silver salts upon the galena, producing a galena richer in 
silver than originally existed. 

Above the level of groundwater the silver occurs to some ex- 
tent in the native form, but more largely as eerargyrite Silver 
does not readily unite with oxygen, hence the explanation of 
the metallic form. However, it does have a strong afiinity for 
chlorine, and where that element is present eerargyrite is likely 
to be found. 

Where the silver is largely changed to the sulphate and 
chloride, and is not largely precipitated as eerargyrite, the upper 
part of the silver veins in the belt of weathering may be greatly 
depleted in silver as a result of this leaching process. That 
the silver is not thrown down as eerargyrite may be due to a 


* “ Geology and Mining Industry of Leadville,” by S E. Emmons, Mon No 
12, Z7 N Gteol Smv , 1886, pp. 553-554 
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deficiency of chlorine in the descending solutions, or to the fact 
that the solutions are of such a character or so ahiinclant that 
they are capable of dissolving the silver chloride Probably 
illustrating this process of depletion is the Cripple Creek dis- 
trict, where the upper parts of the veins which carry free gold 
are deficient in silver, while the original telluride coiitanis a 
certain amount of silver, showing that the silver has probably 
been leached out.* 

Gold 

Gold occurs extensively (1) in the native form, (2) associated 
with the sulphides, and (8) as a telluride. 

Ill the belt of weathering, gold is very largely found in the 
metallic form associated with the oxidized products of the base 
metals, and especially with oxide of iron Much of such gold 
has plainly been associated with sulphides or has been united 
with tellurium 

Below the level of groundwater the most common associa- 
tions of gold are the sulphides of the base metals. Where 
base metals other than iron do not occur, gold occurs associated 
on a great scale with pyrite. In such associations, where the 
sulphides are abundant, the gold is likely to he plentiful ; 
w^here the sulphides are deficient, the gold is also likely to he 
deficient f This relation is illustrated both by California and 
Australasia. The relation suggests that the original solution 
and deposition of native gold is frequently connected with that 
of the sulphides, and therefore it is reasonable to infer that the 
same conditions which produced sulphides also resulted in the 
solution and precipitation of gold. 

In various districts in the Cordilleraii region, and especially 
in Colorado, and more particularly in the Cripple Creek dis- 
trict, the original form in which much of the gold was de- 
posited IS a telluride J 


* Mining Geology of the Cnpple Creek District,” byE A. F. Penrose, Ji , 
Ann Mept U. S Geol Svrv , pt ii , 1894-95, pp 131-132 
t “The G-olcl-Quartz Vems of Nevada City and Grass Valley, California,” by 
Waldemar Lindgren, VlihAnn. Repl TJ 8 Geol. Surv , pt. ii , 1895-96, pp 124- 
126. “ The Genesis of Certain Auriferous Lodes,” by J E Don, 7}rans , xxvii , 

1898, 567 

X “ Mining Geology of the Cripple Creek District,” by E A P Penrose, Ji., 
IQth Ann £epi U. S Geol Suiv , pt u , 1894r-95, pp. 119-121. 
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The original form of the gold of the Judith mountains''^ is 
also a telluride. Telluride of gold further occurs in the gold- 
belt of California, t lu the mines of Custer count}", Colorado,! 
and in western Australia,! associated with sulphides Pearce 
suggests 11 that the free gold which occurs in various regions 
may have been originally deposited as a telluride which was 
later oxidized in the belt of weathering The Cripple Creek 
district, in which the gold in the weathered zone is in the 
metallic form,^ furnishes an excellent illustration of the forma- 
tion of free gold from a telluride. 

Prom the foregoing it is plain that gold may be originally 
precipitated by ascending solutions in a vein as metallic gold, 
as a telluride, or partly in both forms. Moreover, either one 
or both of these forms may be associated with the sulphides of 
the base metals 

hTothing has thus far been said as to the form in which the 
gold is transported. However, it is certain that gold is soluble 
in the various underground solutions, and especially in the 
alkaline sulphides. Moreover, gold readily makes combina- 
tions with iodine and chlorine, and as an iodide and chloride 
is easily soluble. Also alkaline iodides are capable of dissolv- 
ing gold.'^*^ Purthermore, gold is soluble in ferric sulphate. 
That gold and the salts of gold — one of which we know to 
exist in nature as a solid, the telluride — are soluble in under- 
ground solutions is the main point. Since the modern ideas 
of physical chemistry have been developed, the form in which 
the gold is carried is put in a new light It was supposed that 
it must be regarded as united with one or more of the other 
ions p)resent. Since underground solutions of gold are exceed- 
ingly dilute, it is highly probable that the gold is ionized or is 

“Geology and Mineral Besources of tLe Jnditli Mountains of Montana,” by 
W H Weed and L V Pusson, ISth Ann Iiep( U. S Geol Sui v , pt iii , 
1896-97, pp. 589, 591, 597 
t Lindgren, op at , p 117 

t “The Mines of Custer County, Colorado,” by S. F. Emmons, 17ih Ann 
Kept U. S Geol Swv , pt li , 1895-96, p 433 
§ “ The Superficial Alteration of Western Australian Ore-Deposits,” by H. C 
Hoover, Ti am , xxviii , 1899, 762 
II Proc Qrilo. Sci Soc., vol li , 1885, pp 1-6. 

Penrose, op at , p 119-120 

** “ The Oiigin of the Gold-bearing Quartz of Bendigo Beefs, Australia, ” by 
T A. Bickard, Pans., xxii , 1894, pp 308-309 
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in tlie free state. Thus regarded, it -would be kept in the 
ionic state not by any one of the associated acid ions present, 
hut partly hy all of them While the above is true, it is also 
doubtless true that certain solutions are much more capable of 
dissolving gold and gold salts than others, and upon this point 
further investigation is needed. 

In -whatever form gold is earned, it is kno-uui to be precipi- 
tated in the first concentration as a telliiride, or as metallic 
g'old associated with tellnrides or sulphides, or both. Whether 
it is also precipitated as a sulphide is uncertain. Too little is 
known about the tellurium salts or the origin of the tellnrides 
to enable one to make any statement concerning the precipita- 
tion of gold 111 this form. However, it is comparatively easy 
to suggest agencies which may have resulted in the precipita- 
tion of gold ill the metallic form. When it is remembered 
that copper is extensively precipitated in the metallic form in 
the Lake Superior region, and that gold is even more readily 
reducible, the frequent precipitation of gold in the metallic 
form need occasion no surprise Gold would be precipitated 
in the metallic form hy organic matter or hy any ous salt 

RickarcH calls attention to the frequent association of 
metallic gold -^vith sedimentary rocks bearing organic matter 
in Colorado, California, Hew Zealand, Australia and Tas- 
mania f The most remarkable case is the coiiceutratioii of gold 
in veins where they cross strata of carbonaceous shale, called in- 
dicators Says Don,! “ A-n^ay from the indicator, the greater 
part of the vein quartz is absolutely barren ; but at the inter- 
section with the indicator larger masses of gold (often more 
than 100 ounces in one piece) have been obtained, and the 
greater part of the gold extracted from this belt has come 
from those parts of the quartz veins near some one of the 
indicators ” furthermore, Riekard§ describes experimouts in 
which the black carbonaceous shale of Rico was placed in silver 
solutions and in solutions containing Cripple Creek gold-ore. 

* Trans , xxii , 314-315. 

t “The Indicator Veins, Ballaiat, Australia,” by T A Bickard, En(/ and 
Mm Jown , vol lx , 1895, pp, 661-562 

t “The Genesis of Certain Auuferous Lodes,” byj E Don, Tians , xxviL, 
1898, p 569 

§ “The Enterpiise Mine, Col by T A. Eiokard, Tians., xxvi , 1897, pp. 
978-979 
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Both metallic silver and gold were abundantly precipitated 
upon the shale in a short time. In the instances above men- 
tioned it can hardly be doubted that the organic material was 
an important or controlling factor in the reduction and precipi- 
tation of the gold. 

Gold would also be precipitated from solutions which came 
in contact with ferrous oxide, such as magnetite, or by solu- 
tions bearing ferrous or cuprous sulphate, or any other ferrous 
or cuprous salts. When it is remembered that ous salts are 
extensively produced underground (see pp 93-94), it becomes 
highly probable that such solutions are frequently the cause 
of the precipitation of gold with sulphurets. Since iron is the 
most abundant of all the metals carried in underground solu- 
tions, such sulphates would be more likely to be sulphates of 
iron than any other. If the salts formed in the belt of 
weathering were ferric sulphates, they would be likely to be 
reduced to the ferrous condition at depth by the ferrous iron, 
which is especially abundant in the basic rocks. Indeed, 
analyses of mineral waters which bear sulphates also ordinarily 
show ferrous iron.-'' Therefore ascending waters bearing fer- 
rous sulphate or other ous salt might be brought into a lode by 
side-streams and there precipitate the gold. Such side-chan- 
nels entering through lateral cracks may, in many cases, ex- 
plain the extreme irregularity of the distribution of the gold. 

Although Lindgren argues to the contrary in the Sierra 
Nevada,t the suggestion that a part of the gold there has been 
reduced by ferrous sulphate has extreme plausibility The gold 
associated with the pyrites is native. In that district two analyses 
of the waters of feeding-streams (the only analyses reported) 
entering the lodes at a depth of 400 feet are given. Both of 
these analyses show that sulphates and iron are present. J Ac- 
cording to the analyses the iron is reported as ferric ,• but ap- 
parently no precautions were taken, when the waters were col- 
lected, to prevent the oxidation of ferrous to ferric iron. Indeed, 
the description of the deposits made by the underground springs 
renders it highly probable that ferrous salts were there contained. 


* “ Mineral Waters of tlie United States,” by A. C. Peale, Bull U S Geol 
Surv , No 32 

f Lindgren, op cit , p 181, and pi v , p 134 
X Lindgien, op ciL, pp. 121-123. 
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as shown hy the precipitates of yellow material, which is partly 
ferric oxide. Moreover, if these analyses are not sufficient evi- 
dence of the presence of sulphates, the clean vein quartz itself, 
which contains a large number of fluid inclusions, contains sul- 
phates,* showing that sulphate-hearing waters are not ex- 
ceptional, but must have been present at the time the lodes 
themselves were formed. Finally, the ore-shoots have great 
irregularities in richness, for which Lindgren offers no expla- 
nation. The suggestion above made that the gold is precipi- 
tated in the metallic form by the reducing action of ferrous sul- 
phate explains all of these facts. The deposits are rich where 
the side-springs issued from cross-fissures and furnished fer- 
rous sulphate to the ascending waters. The gold is in the 
metallic form because reduced by the ferrous sulphate. 

The argillite with which many of the gold-ores of the Sierra 
Nevada are associated is carbonaceoiis,t and this carbonaceous 
material may have assisted in the production of the ous salts 
which ultimately reached the trunk-channels. Indeed, in some 
places, as, for instance, where the pyrite occurs in a carbona- 
ceous argillite but not in quartz,J the gold may have been 
directly precipitated by the carbonaceous material. But since 
the gold in the Sierra Hevada is mainly deposited in open fis- 
sures,! the suggestion of reduction of the major portion of the 
gold by ous salts, and especially ferrous sulphate, is thought to 
be the more plausible, although, as already explained, the for- 
mation of the ferrous sulphate may be due in part to carbon- 
aceous material in the country-rock 

It can hardly be doubted that, after a first concentration of 
gold has taken place, as consequence of descending waters a 
second concentration may take place. But definite equations 
cannot be written until it is determined in what form the gold is 
transported. However, if in the solutions we do not know the 
acids against which the gold is balanced when transported 
downward, wm may feel sure that, when such solutions reach 
the sulphide zone, there will be reactions between the acid 


' Lmdgren, op cit , pp. 130-131, 260, 261 

t “The Gold-Quartz Veins of Nevada City and Grass Valley, California,” by 
Waldemar Lindgren, 17ihAnn jBept. U S Geol Surv., 1895-96, pt ii , p. 81, 1896. 
t Lmdgren, op. cit , p 140, pi viii 
§ Lindgren, op at , p 259 



SOME PEINCIPLES CONTEOLLING DEPOSITION OP ORES. 121 


ions balancing the gold and the bases in the tellnrides and sul- 
phides. As a consequence of these reactions metallic gold, and 
possibly tellnrides and sulphides, will be precipitated in a man- 
ner similar to that of the precipitation of copper. Individual 
cases of second concentrations will be considered after other 
factors influencing concentration have also been dealt with. 
(See pp 128-134 ) 

Concentration by Eeaction Upon Sulphides Compared 
With Metallurgical Concentration 

One of the more common processes of metallurgy for the 
separation of gold, silver, copj)er and lead from iron is based 
upon the principle explaining the second concentration given 
on preceding pages, viz , that iron holds sulphur less strongly 
than the other elements named. The sulphuretted ores are 
imperfectly roasted, thus partly oxidizing them to oxides and 
sulphates. The ores are then smelted in a furnace with a flux. 
The oxides of the valuable metals and the sulphates react upon 
the remaining sulphides of all the metals, producing a matte 
containing the sulphides of the valuable metals. The iron gets 
all or nearly all of the oxygen , and the iron oxide unites with 
the fluxes and passes into the slag. 

Other Ebactions oe Descending Waters. 

In the foregoing pages the second concentration of metals by 
solution, downward traiisjiortation and precipitation by reac- 
tions upon the sulphides of the first concentration has been 
emphasized. However, it is not supposed that this is the only 
process which may result m enrichment in the upper parts of 
vein deposits by descending waters. The enrichment of this 
belt may be partly caused (1) by reactions between the down- 
ward moving waters carrying metallic compounds and the rocks 
with wEich they come in contact, and (2) by reactions due to 
the meeting and mingling of the waters from above and the 
waters from below. 

(1) The descending waters carrying metallic material dis- 
solved in the upper part of the veins may be precipitated by 
material contained in the rocks below. This material may be 
organic matter, ferrous salts, etc So far as precipitating mate- 
rials are reducing agents, they are likely to change the sul- 
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pliates to sulpliicles and precipitate the metals in that form. 
"While sulphides may thus he precipitated either above or below 
the level of groundwater, they are more likely to be thrown 
down below the level of groundwater Other compounds than 
reducing agents may precipitate the downward moving salts in 
other forms than sulphides. 

(2) In a trunk-channel, where waters ascending from below 
meet waters descending from above, there will probably be a 
considerable belt in which the circulation is slow and irregular, 
the mam current now moving slowly upward and now moving 
slowly downward, and at all times being disturbed by convec- 
tional movements. Doubtless this belt of slow general move- 
ment and convectional circulation would reach a lower level at 
times and places of abundant rainfall than at other times and 
places, for under such circumstances the descending current 
would be strong. The ascending currents, being controlled by 
the meteoric waters falling over wider areas, and subject to 
longer journeys than the descending currents, would not so 
quickly feel the effect of abundant rainfall. Later, the ascend- 
ing currents might feel the effect of the abundant rainfall and 
carry the belt of upward movement to a higher level than 
normal However, where the circulation is a very deep one, 
little variations in ascending currents result from irregularities 
of rainfall. 

In the belt of meeting ascending and descending waters (see 
Fig 6), convectional mixing of the solutions due to difference 
in temperature would be an important phenomenon. The 
waters from above are cool and dense, while those from below 
are warm and less dense. The waters from above in the neutral 
zone of circulation would thus tend to sink downward, while 
waters from below would tend to rise, and thus the waters would 
be mingled. Still further, even if the water were supposed to 
be stagnant at the neutral belt, it is probable that by diffusion 
the materials contributed by the descending waters would be 
mingled with the materials contributed by the ascending waters. 

Ascending and descending solutions are sure to have widely 
different compositions, and an accelerated precipitation of met- 
alliferous ores is a certain result As a specific case in which 
precipitation is likely to occur, we may recall that waters as- 
cending from below contain practically no free oxygen and are 
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often somewhat alkaline, while waters descending from above 
are usually rich in oxygen and frequently contain acids, as at 
Sulphur Bank, described by Le Conte The mingling of such 
waters as these is almost sure to result in precipitation of some 
kind. Le Conte further suggestsf that, by the mingling of 
the waters from below with those from above, the temperature 
of the ascending column will be rapidly lessened, and this also 
may result in precipitation, but the dilution would work in the 
reverse direction 

The metals precipitated by the mingling of waters may he 
contributed by the descending waters, by the ascending waters, 
or partly by each In so far as more than an average amount 
of metallic material is precipitated from the ascending waters, 
this would result in the relatively greater richness of the upper 
part of veins independently of the material carried down from 
above. 

The above methods of precipitation and eniichment of the 
upper parts of deposits follow from the reactions of downward 
moving waters Their etfect may be to precipitate the metals 
of the ascending water to some _ extent and thus assist in the 
first concentration. But the results of these processes cannot 
be discrinimated from the second concentration resulting from 
an actual dowiiivard transportation of the material of the first 
concentration. It is behei/ed that the downward transportation of 
metals is the most important of the causes explaining the character of 
the upper portions of lodes (see pp. 100-102) ; hut lohether this he so 
or not, their peculiar characters are certainly due to the effect of des- 
cending waters. 

Second Concentration Favored by Large Openings oe the 
Belt oe "Weathering. 

The concentration of large ore-bodies in the belt of weather- 
ing is greatly favored by the abundance and size of the open- 
ings as compared with the openings existing at greater depths. 

The openness of the rocks above the level of groundwater 
and the comparative lack of openings below the level of ground- 
water have already been alluded to as general phenomena, and 


* Compare Le Conte, Am. Joum Sci , in , Tol xxvi , p. 9 
t Le Conte, op cit , p 12 
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an explanation offered for tlieir existence, viz., that in the belt 
of weathering, solution is the law, and in the belt of cementa- 
tion, deposition is the law. (See pp. 72-74.) Of course, it is 
understood that there is usually not a sudden change in the 
amount of opening space, but that the extremely open upper 
ground grades into the much less open lower ground at and 
below the level of groundwater In some instances the grada- 
tion requires some distance. This openness of the belt of 
weathering and the comparative closeness of the belt of ce- 
mentation is well illustrated by many limestone regions, for 
instance, the lead and zinc district of southwestern Wisconsin, 
already described, pp. 103-109, 142-150 It is also well illus- 
trated by the Leadville district of Colorado, where, Emmons 
says, “ There is a noticeable absence, in the region of greatest 
ore-development, of channels extending downward.”* Thus, 
so far as the openings are concerned, the conditions for the 
formation of large ore-deposits are more favorable above the 
level of groundwater, and as far below the level of groundwater 
as openings are numerous, tlmn at deeper levels. 

The existence of numerous and large openings below the 
level of groundwater may be explained in individual cases in 
a number of ways. Of course, the more recent the earth- 
movements, the more numerous and larger are the openings. 
In some places the descending waters are not saturated when 
they reach the level of groundwater, and solution continues 
for some distance below that level. Furthermore, the level 
of groundwater varies under different circumstances. Where 
a region is being uplifted, the level of groundwater, other 
things being equal, will be descending. Where a region is 
subsiding, the level of groundwater will be rising. As a re- 
sult of physiographic changes, there may be alternate valley 
filling and valley erosion. These changes affect the level of 
groundwater In Pleistocene time there was an extensive 
period of valley filling instead of erosion. Consequent on 
this, the level of drainage, and therefore the level of ground- 
water, rose. Also there may be very considerable variations 
of the level of groundwater, as a consequence of long-con- 


* “ The Greology and Mining Industry of LeadviUe,” by S F Emmons, Mon. 
U S Qeol. Surv , No 12, 1886, p 573 
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tinned climatic changes ; such, for instance, as the alternating 
periods of humidity and aridity in the Cordilleras of the West 
in connection -with the Pleistocene.'’' The annual variations in 
rainfall cause a less-marked change in the position of the level 
of groundwater. All these changes favor alternate solution 
and deposition; solution when the water falls, precipitation 
when it rises. Where the underground water has been at a 
low level, this will be favorable to the production of large 
openings. Where, later, for some reason, the level of ground- 
water rises, these openings are in a very favorable condition to 
be filled with ore, as a result of the reactions of the descending 
solutions on the ores below and of the mingling of ascending 
and descending waters. 

It might be argued that the existence of ore-deposits in the 
large openings near the surface is evidence that the ores were 
not first deposited by ascending waters. However, as has been 
already explained, in the large openings there may be concen- 
trated mineral material originally distributed by ascending 
waters through a much greater vertical distance Thus, a very 
rich ore-deposit, formed by the reaction of descending waters 
upon a first concentration produced by ascending waters, might 
be bounded below by a horizon in which the ground is very 
close, the comparatively small openings which once existed 
having been cemented by the material deposited during the 
first concentration by the ascending w^ater. 

Depth op the Eppect op Descending Waters. 

For the depth to which downward-percolating waters produce 
an effect there can be no doubt of their importance in the pro- 
duction of ore-deposits. The only question which remains open 
IS the depth to which this process is ejffective. This varies 
greatly in different districts, and m different mines of the same 
district. In general, the effect is likely to be deep-seated in 
proportion as the lode worked is on high ground (see pp. 161- 
162) Also, 111 and regions the level of groundwater is deeper 
below the surface than in humid regions. Moreover, the pro- 
cess of denudation is slower, so that the downward-moving wa- 

* “Lake Bonneville,” by Gr. K Gilbert, Mon. U S Oeol Surv., No. 1, 
1890 “Geological History of Lake Lahontan, a Quaternary Lake of South- 
western Nevada,” by 1. C Eussell, 3Ion. U, S. Geol. Sui'v , No. 11, 1885 
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ters have both a wider 2 :one in which to work above the level of 
groundwater and a longer time in which to work upon a given 
horizon, and thus in such regions the oxides and carbonates are 
likely to occupy a considerable zone. This is very well illus- 
trated by the copper-mines of Arizona and ISTew Mexico, and 
by the colorados of the silver-gold deposits in various and re- 
gions. In humid regions, upon the other hand, the level of 
groundwater is likely to be near the surface. If this be com- 
bined with marked relief so that denudation is rapid, the pro- 
cesses of oxidation and carbonatioii may not be nearly so com- 
plete above the level of groundwater. Indeed, in many cases 
erosion may be so rapid that the sulphurets do not have time 
for oxidation, and they may extend nearly or quite to the sur- 
face, although ill such cases they are likely to be enriched, as 
explained (pp. 99-102), and it is very uncommon to find a de- 
posit in which no eifect of descending waters can be discovered. 

It has already been seen that the level of groundwater may 
vary from the suiface to 300 meters or more below the surface. 
Heuce it is certain that, from the surface to 300 meters below 
the surface, the underground waters may he a potent factor in 
the production of the rich ore-deposits. The deposits in this 
belt are particularly profitable, not only because of the accessi- 
bility of the material, but because of the fact that there is no 
expense for pumping; and furthermore, the products are in 
forms which in most cases are easily reducible. This may be 
illustrated by the gold and silver deposits. In the former, the 
native gold is free from its entanglement of sulphurets and tel- 
lurides; in the latter the silver is largely in the form of the 
readily extracted chloride, or in some instances as native silver. 

Tip to this point there will be no disagreement on the part of 
any one. But the question now arises as to the depths below 
the level of groundwater to which descending waters p)roduc6 
their effects. This is a question to be answered not by deduc- 
tion, but by observation. Even Posepny, who emphasizes the 
effect of ascending waters, agrees that oxidized products are the 
evidence of the work of vadose circulation, or the circulation 
of lateral and downward-moving waters.* Eurthermore, Posepny 


Genesis of Ore-Deposits,” byF Posepny (Discussion), T^ans , xxiy , 1895, 



SOME PRINCIPLES CONTROLLING DEPOSITION OP ORES, 127 


agrees that the iron-mines of the Lake Superior region, which 
are oxidized products, have been produced by downward-mov- 
ing waters. A number of these mines have been worked to a 
depth of 500 or more meters below the level of groundwater. 
It is, therefore, perfectly clear in these eases that the down- 
ward-percolating waters produce an oxidizing effect to a depth 
of at least 500 meters below the level of groundwater. And 
this is so in a region in which the level of groundwater is rela- 
tively near the land surface, and which is not mountainous. 
In various other regions oxidized products are also found to a 
very considerable depth beloiv the level of the groundwater. 

In the San Juan district of Colorado, in the Gold King mine, 
at a vertical depth of more than 800 meters, “ the ore taken out 
is characterized by decomposition, being stained with iron oxide, 
and showing almost no metallic sulphides.”* The author does 
not state how far this is below the level of gioundwater, but 
merely says that the water-level is deep. Many other veins 
contain sulphurets, which extend nearly to the surface. In the 
Cripple Creek district of Colorado and the Judith mountains 
of Montana — humid areas — oxidized products are found to a 
depth of 125 meters. The workings at the time when Penrose, 
"Weed and Pirssont examined the districts had not extended 
beyond this depth; and therefore we have no knowledge as to 
the depth at which the last of the oxidized products will be 
found, or as to the depth to which the sulphides and telln rides 
have been reacted upon and enriched by the downward-moving 
solutions from above. This belt of enriched material may be of 
even greater depth than that of the oxidized products. 

As has already been shown (pp 101-116), where the ores are 
predominantly lean sulphides in the lower workings of the mines, 
these react upon the downward-moving oxidized salts of the 
valuable metals, and thus produce rich sulphurets. It is, there- 
fore, clear that descending waters produce enrichment below 
the level at which oxidized jproducts are found. 

“Preliminaiy Eepoit on the Mining Industiies of the Telluride Quadrangle, 
Colorado,” hy C W Purington, 18<A iJejst. U S Geol Suiv,-pt iii , 1896- 
97, pp 825-826 

t “Mining Geology of the Cripple Cieek District,” hy R A F Penrose, Jr , 
Idth Ann. Bept U. S Geol Swv , pt if, 1894-95, p. 129 “ Geology and Mineral 
Eesouices of the Judith Mountains of Montana,” by W H Weed and L Y 
Pirsson, ISiA Ann. Bept U. S Geol. Sun , pt iii , 1896-97, p 592 
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Our conclusion is, that xue have positive evidence that the belt in 
which descending waters are efeciive m producing rich secondary 
concentrates j as explained on pp. 99—103, extends to very considerable 
depths. 

Illustrations op Secondary Enrichment and Diminution 
OP Eichness with Depth. 

The processes have now been explained by means of which a 
rich upper belt may be produced. If the argument he correct, 
it is an inference from this that ore-deposits which have under- 
gone a second concentration are likely to diminish in richness 
With depth, provided a considerable belt be considered. It re- 
mains to give instances, the facts of which confirm the actual- 
ity of the processes explained, and illustrate diminution of rich- 
ness with depth. 

AtDuektown, Tenn., at the level of groundwater a belt of 
rich black copper (copper-glance) appears, which varies from less 
than one to about two and one-half meters in thickness Above 
this belt is gossan very poor in copper, below it is a very low 
grade cupriferous pyrrhotite.* In this instance it can hardly 
be doubted that originally the lean cupriferous pyrrhotite ex- 
tended not only to the present surface, but probably much 
higher than this. The downward moving waters have trans- 
ported copper to its present locus near the level of groundwater. 
Here the copper salts have reacted upon the iron sulphide and 
produced rich sulphurets. 

A case which has been, perhaps, more closely studied than 
that of any other in the United States is that of the deposits of 
Butte, Montana. Here Douglas states that rich oxysulphurets 
are found near the surface. These rich oxysulphurets occur in 
greatest depths and richness on the summit of the hill, “where 
it seems as if the copper, leached out of the 400 feet of depleted 
vein, had been concentrated in the underlying ore, and had 
thus produced a zoue of secondary ore about 200 deep, which 
contains, as might be expected, about thrice its normal copper- 

contents.^'t 

^ “The Persistence of Ores in Lodes in Depth,” Iby W P Blake Eng and 
Min Jour., vol. ly , 1893, p. 3 Also, “The Ducktown Ore-deposits and the Tieat- 
ment of the Ducktown Copper-ore,” byC Henrich, Tians , xxv , 1896, 206-209. 

t ‘ ‘ The Copper Eesoiirces of the United States,” by Jas Douglas, Fi ans , xix , 
1891, p 693. 
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Emmons sajs of tlie Butte dexoosits * 

“Secondary deposition, ortiansposition of already deposited mineials, lias played 
an unusually impoitant role In the case of the coppei veins it has not been con- 
fined to the oxidizing action of surface waters, which has lesulted in an impovei- 
ishment of the oie-bodies, but below the zone of oxidation it has lesulted in the 
foimation of the richer coppei mineials bornite, chalcocite and covellite, in part 
at least by the bieaking up of the original chalcopyrite Unusual enrichment of 
the middle depths of the lodes has thus been caused Whether the two processes 
of impoverishment and enrichment have been differing phases of the action of 
descending wateis, or whether the latter may have been a latei result of the rh\- 
olite intrusion, has not yet been definitely decided It is, howevei, fan ly well 
determined that the enrichment of the coppei deposits is so closely associated with 
the secondary faulting that it may be consideied to be a genetic result of it ” 

Brown states of tlie same area that oxidized products extend 
to the level of groundwater These oxidized products, accord- 
ing to Brown, promptly change at water level to normal sul- 
phurets. “ There follows below a region of varying height, of 
valuable rock, which again slowly deteriorates in depth ; this 
deterioration, however, being so retarded finally as to be 
scarcely appreciable ”t He further says that above the level 
of groundwater is gossan “ carrying high values in silver, and 
particularly in gold.”']; Thus at Butte we have in the belt above 
the level of groundwater enrichment in silver and gold and 
depletion in copper as compared with the material below the 
level of groundwater; and at and below the level of ground- 
water we have rich sulphides of copper which grade into leaner 
sulphurets In the case of the Butte dep)osits it can hardly be 
doubted that the comparatively lean suliihides in the deeper 
workings represent the product of a first concentration, and 
that the modifications of this material found above and below 
the level of groundwater represent the work of downward 
moving waters. To account for the high values of gold and 
silver above the level of groundwater, one must suppose that 
this belt has received contributions of these metals from the 
upward extension' of the veins which have now been removed 
by erosion The great richness of the copper below the level 
of groundwater Douglas clearly attributes to the downward 

'' “ Economic Geology of the Bntte Distnct,”byS F Emmons, Oeol Atlas of 
the TJ S , Butte special folio, Montana, 1897 
t “ The Oie-deposits of Butte City,” by E G. Brown, Tims , xxiv , 1895, p. 556 
t Brown, loc cit , p 665. 

VOL. xxx —9 
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transportation of the material from the depleted coj)per veins. 
However, a part of this material was doubtless derived from 
an upward extension of these veins precisely as in the case of 
the gold and silver. Por my own part I have little doubt that 
the precipitation of the rich sulphides was produced by reac- 
tion upon the lean siilphnrets, as given in the equations pp. 
101, 111-112. Indeed, these equations were wiitteii out with 
reference to the facts of the Butte deposits. 

Peniose cites the Arizona copper deposits as instances of 
secondary concentration. These deposits he regards as pro- 
duced by leaching of the copper from a lean copper-bearing 
pyrite, and its segregation at the places where the rich ores 
occur. In this process Penrose, however, says that the volume 
of the deposit must be decreased ; hut he makes the point that 
the smaller amount of the rich product is more valuable than 
a larger lean deposit, because more easily mined and more 
readily reduced.* 

This process of concentration is further described by Douglas, 
who notes, also, that the changes have resulted in the produc- 
tion of enriched sulphides from very lean sulphides in the 
Copper Queen mine Here, according to Douglas, a large 
very low-grade copper-bearing pyrite deposit running fiom the 
200- to the 400-foot level contains rich oxysulphides and black 
sulphides on the outside, and in the interior is mainly lean 
pyrite.f 

The original material in the Arizona locality is as plainly a lean 
cupriferous pyrites as in Tennessee. Here, however, on account 
of the peculiar climatic conditions the alterations have not ex- 
tended to a uniform depth. Instead of the rich belt being a 
sheet which diminishes in richness below, it occurs lu a zone 
about the entire residual cupriferous pyrites masses. The prin- 
ciples of concentration are, however, identical, and the rich 
sulphurets are unquestionably due to reactions between the ox- 
idized salts and the lean sulphides. The rich oxidized products 
of this area, doubtless, were produced directly from the enriched 
sulphurets. Therefore, in the formation of the rich oxidized 

* " Tlie Superficial Alteiation of Ore-deposits,” by E A F Peniose, Jour of 
Geol , vol 11 , 1894, pp 306-308 

t “Tlie Copper Queen Mine, Arizona,” by Jas Douglas, Tratis,, xmx , 1900, 
p. 632 
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products there were two stages of .alteration; first, the produc- 
tion of rich snlphiirets hy the reaction of oxidized products 
upon the lean pyritiferous material, and after that oxidation of 
the rich sulphiirets, which occur partly in situ, has also, doubt- 
less, taken place with more or less of transfer of material from 
one place to another. 

An excellent illustration of an enriched upper belt in the 
ease of gold is furnished hy the gold-quartz veins of Grass Val- 
ley, California, where, according to Lindgren, the decomposed 
belt of weathering about 50 meters deep contains “from $80 
to $300 per ton, while the average tenor in depth is from $20 
to $30.”* Furthermore, the rich 60 meters, which contains 
from four to ten times as much gold as the sulphurets below 
the level of groundwater, is depleted in silver However, in 
some veins the sulphurets extend almost to the surface Lind- 
gren further states that the sulphurets below the level of ground- 
water continue witJi undimmished richness to a depth of 500 
or more meters, f He adds that the California region is one in 
which denudation has extended to a depth of 500 to 1500 or 
more meters J From these facts it is highly probable, as sug- 
gested by Lindgren, that the sulphurets similar to those below 
the level of groundwater were deposited above the present 
surface of the country. If this were the case the only possible 
explanation of the belt of weathering rich in gold and depleted 
in silver is that descending waters have abstracted a large part 
of the gold from the 500 to 1500 meters removed by erosion, 
and have deposited it in the belt of weathering. Its precipita- 
tion there was, doubtless, mainly due to the reaction of the ox- 
idized products upon the suljihides, producing sulphurets richer 
in gold. Later, these rich sulphurets have been oxidized, leav- 
ing the enriched belt of free gold The silver apparently has 
been transported downward to a greater extent in this belt. 
One would expect that correlative with the belt above the level 
of groundwater poor in silver, there -would be a belt at and 
below the level of groundwater richer in silver than that above. 
Upon this point Lindgren does not give us information. 


* “The Gold-qnaitz Veins of Nevada City and Glass Valley, California,” "by 
Waldemai Lindgien, 17th Ann JRept U S Geo. Smv., 1895-96, pt. ii , p. 128,1896. 
t Lindgren, loc eit , p 163 
t Lindgren, !oc cit , p 183. 
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Another very interesting case of the richness of the belt of 
weathering in gold, as compared with the unaltered sulphides 
below, is furnished by the Australian gold-fields, where the belt 
above the level of groundwater is several times as rich as the 
unaltered tellurides and sulphides below, some mmiiig men 
say ounces above to pennyweights below.* 

This rich belt is from 50 to 400 feet. In a portion of the 
mines of some districts — for example, the Kalgoorlie district — ■ 
when the bottom of the oxidized zone is reached, the ores are 
so lean as to be valueless, so that mines which were profitable 
in the weathered zone were not profitable below that zone f 
Many of the mines of that district, however, are profitable below 
the weathered zone. If it had not been for the secondary eniicli- 
ment of denudation and downward transportation of material, 
many of the mines would not have been exploited, although 
Hoover thinks, that in this strange country, the downward 
concentration is more mechanical than chemical. Thus the 
secondary concentration by descension is no less an important 
part of the genesis of the gold-ores of Australia than the first 
concentration by ascending waters 

The lead- and zinc-deposits of the Mississippi valley (see pp. 
102-109), are believed to he clear cases of the importance of 
the action of descending waters. This has already been shown 
for Wisconsin In the lead and zinc districts of Missouri the 
galena is at a high horizon, and the sphalerite at a low horizon, 
precisely as in Wisconsin. Moreover, the arrangement of the 
different kinds of materials in the veins is very similar to that 
in Wisconsin, the order of deposition of the minerals from above 
down being (1) blende, (2) galena, (3)pyrite. This corresponds 
to the order of the more important deposits in Wisconsin, ex- 
cept that before the blende, mareasite formed. (See p. 104) 
Lead-bearing ores in Missouri occur in the Cambrian lime- 
stones; zinc-ores occur in the suh-Carhoniferous limestones, 
and lead- and zinc-ores occur iu the Lower Silurian rocks.l 


^ "The Genesis of Certain Aurifeious Lodes,” by J. E. Don, ISans, xxvu 
1898, p 596 

t “The Alteration of 'Western Australian Ore-deposits,” by H C Hoover, 
Trans , xxviu , 1899, pp 762-764 

t “The Lead and Zinc Deposits of the Mississippi Talley,” by "W. P. Jeniiey, 
Tra7is , xxii , 1894, pp. 187-188, 197, 199-200 
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111 Wisconsin the ores occur mainly “in the Galena, Trenton, 
and, snbordinately. Lower Magnesian limestones/’'" However, 
111 all of these districts the ores which have been taken out are 
very largely above the 50 meter level The xirobable exxilana- 
tioii of these relations is as follows The ores were disseminated 
ill various sedimentary strata, aud possibly, also, to some ex- 
tent in the pre-sedimcntary rocks. They were concentrated 
through a comparatively wide vertical range by ascending 
waters But the position of the rich ores near the surface is 
due to secondary concentration by descending waters, concen- 
tration going on pari-passu with erosion in such a manner that 
the rich ores are continuously deposited above and below the 
level of groundwater, as exjilained in the previous pages. As 
denudation passes downward, and thus the level of groundwater 
descends, the horizon of rich concentrates also descends. 

The Leadville deposits furnish an instance of the decrease of 
the richness in silver with depth. Emmons says “ There is a 
fair foundation for the generalization that in the deposits, as 
developed at the time of this investigation, the ores were grow- 
ing poorer in silver as exploration extended farther from the 

surface.”! 

Another case of the diminution of richness of sulphurets 
with depth is furnished by the nickel mine of Lancaster Gap, 
which, however, were not worked beyond a depth of about 75 
meters, x>resumably because “ the ores decreased in richness as 
de^Dth was attained.”! 

In addition to these specific instances of the x)roduction of a 
rich upper belt, some general statements have been made winch 
need to be referred to One of these is made by Douglas in 
reference to sulxihuret mines as a whole. Says he, in the con- 
clusion of his discussion as to the copper resources of the 
Hinted States, with reference to the various Ajipalachian de- 
posits, “ Like all sulphuret mines, they became poorer as depth 
wms attained ”§ 

* “Geology of Wisconsin,” vol iv , p 461 

t “ Tlie Geology and Mining Industry of LeadviUe,” by S F Emmons, 2Ion 
U S Geol Smv , Eo. 12, 1886, pp 554-555 

t “The Nickel Mine at Lancaster Gap, Pennsylvania,” by J F Kemp, Tuim 
XXIV , 1895, pp 626, 884 

I “The Copper Eesources of the United States,” by Jas Douglas, Tj ans , xix , 
1891, p 691 
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Penrose,* in 1894, discussed tke superficial alteration of ore- 
deposits. He says : 


“As a result of tliese vaiious changes, certain materials are sometimes leached 
from the upper parts of ore-deposits, which have become poious by alteiation, and 
earned down to the less peivious unaltered paits Heie they aie precipitated by 
meeting other solutions or in other ways, and hence the richest bodies of ore in a 
deposit often occur between the overlying altered jiait and the underlying unal- 
teied part This is not always the case, but it is true of some copper, silver, non 
and other deposits ^ ^ t 

He Launay,! in 1897, emphasizes the frequent occurrence of 
rich products near the surface, which in some cases are oxi- 
dized products, and in others are sulphides He, however, ex- 
plains the richness of the deposits by the abstraction of more 
soluble material. This frequently results in transforming a low 
grade product into a rich one. By this process a poor sulphide 
may be changed to a rich sulphide, as, for instance, cuprifer- 
ous pyrites or ohalcopyrite may be transformed to covellite or 
elialeocite hy abstraction of iron sulphide It is a natural de- 
duction from He Laiinay’s§ explanation, that the volume of the 
material is decreased, although he does not make this point. 

He Lauiiay further emphasized the point that the ore-material 
of veins may have been repeatedly transferred from one place 
to another, and suggests that a part of the material now found 
in veins may have been transferred from, vein material which 
was once above the present surface of denudation. 

While it is believed to be a very general case, if a long enough 
scale be used, that ore-deposits diminish m richness with depth, 
it is well-known that above the level of groundwater the val- 
uable materials may be almost wholly dissolved and deposited 
at or below the level of groundwater by the reactions above 
stated, as at Hucktown, Tennessee, or partly dissolved and 
transported below, as at Butte, Montana. Thus, for a certain 
depth the ores may increase in richness. This exception, how- 
ever, does not afieet the common rule as to diminution of rich- 
ness with increasing depth. 

“The Superficial Alteration of Ore-deposits,” by E A F Penrose, Jn, 
Jour of Geol , vol u , 1894, pp. 288-317 
t Penrose, eif , p 294 

J “Contubution a TEtnde Gites M4tallif6res,” by M L De Launay, An- 
nales des Mines, 9th ser , vol xii , 1897, pp 151-152 
I De Launay, cit , p 194 
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Geneeal. 

It IS apparent from the foregoing that there has been a gen- 
eral understanding that a rich upper belt has been produced in 
manj" ore-deposits Le Conte, who appreciated this, suggests 
that the rich belt may be explained by supposing that precipi- 
tation by ascending waters does not occur at great depth, 
because the solutions do not get saturated until comparatively 
near the level of underground water. However, it is to be 
remembered that the upper part of a fissure is that receiv- 
ing abundant lateral waters which have taken a comparatively 
brief journey under conditions of low pressure and tempera- 
ture; whereas the solutions lower down have taken a longer 
journey under conditions of high pressure and temperature. 
In this connection it might be further supposed that the vary- 
ing richness could be partly explained by the lessening temper- 
ature and pressure of the rising solutions. But if this be true, 
one would expect the most insoluble constituent to be precipi- 
tated deepest down. In the case of the lead-zinc-iron deposits 
this would make the galena most abundant at depth, the sphal- 
erite most abundant at a higher level, and the iron sulphide the 
dominating constituent at the highest levels. In the case of 
the copper-iron deposits, the rich sulphides of copper would be 
in the lower levels and the cupriferous pyrites at the higher 
levels. 

As already seen, Penrose’s explanation of the phenomenon of 
a rich upper belt is that the concentrates have been produced 
by downward transportation and precipitation by meeting 
other solutions De Launay’s exjilanatioii of the phenomena 
is enrichment by the abstraction of the more soluble and less 
valuable material, thus producing a smaller quantity of rela- 
tively rich product. 

While the reactions between the oxidized products and the 
sulphides are emphasized, and are believed to be the most fun- 
damental and widespread, my own explanationf is, mainly, 


Le Conte, Zoc at , p. 12 

t Just as I am. sending this paper to the pi ess in its revised foim (a preliminary 
proof edition was published and distiibuted in February, 1900), I am in receipt 
of a paper upon the “Enrichment of Mineral Veins by Latei Metallic Sul- 
phides,’' by Waltei Harvey Weed (£ull Geol Soc. Am , vol xi , pp 179-206 J. 
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tliat oxidized soliiHe products are produced in the Lelt of 
'weathering; that these in or lower down react upon the 
lean sulphides. In this way a belt of rich sulphurets is formed. 
Later, in consequence of denudation, these rich 'sulphides pass 
into the belt of weathering. Here they are again exposed to 
the oxidizing forces, where m situ they are largely transformed 
to oxides, carbonates, etc., and a belt of rich oxidized products 
above the groundwater is formed. However, in part, when 
oxidized, they are taken into solution, again transported down- 
ward, and again react upon the sulphurets In and regions 
where the amount of downward-moving water is small, the 
oxidized products formed from the rich sulphurets are likely 
to remain in large part in situ Where, upon the other hand, 
water is abundant the sulphides when oxidized are in largo 
measure likely to be carried downward, and again react upon 
the Biilphides below and further broaden and enrich the belt of 
sulphides Thus, under different climatic conditions, we may 


This paper strongly emphasizes the eniichnient of an upper belt thiough the 
action of descending ivateis Moreover, the papei includes the reactions of the 
oxidized pioducts upon the poor sulphuieta, thus pioducing iicli sulphuiets 
Many occunences are given which illustrate the eniieliment of sulphides by 
descending wateis, including copper, silver and zinc deposits Some of the 
illustrations given by Mr Weed I also have used Otheis aie additional to 
those given by me In general it may be said that Mr Weed’s papei and that 
jart of my oivn which, deals with secondary eniichment by descending waters are 
supplemental and suppoit each othei , since eacli did his woilt and aiiived at his 
conclusions in entiie ignoiance of the fact that the .other was working along a 
similar line 

Upon one point only is theie diffeience of opiiuon between us Mr Weed, in 
his general statement, says that the part of the veins “helow the permanent 
groundwater level consists of the unaltered snlpliides which compose the orig- 
inal ore of the vein This part constitutes the zone of pi unary sulphide oie” 
(p 181) However, while Weed makes the above geneial statement, he appears 
to appreciate that in individual eases rich oxidized sulphides may be pioduced 
below the peinianent groundwatei level, for he says that at Elkhorn, Montana, 
this level IS only 185 to 210 meters below the surface, wheieas the sulphides 
enriched by descending waters extend to the depth, of 600 meteis (p 204) If 
my reasoning be correct, the zone of secondaiy enuchment by descending waters 
will ordinarily extend far below the peimanent groundwater level, in many 
instances to the depth of several hundred meters Indeed, not only the Montana 
instance, but othei lUustiations given hy Mi. Weed confiim. this conclusion. In 
the pyrite deposits of Spam and Portugal, described by Vogt, the ores deciease 
in richness to the depth of 950 meters (p 198) iilso in Norway, if I under- 
stand Mr Weed correctly, the diminution of richness of the copper deposits with 
depth extends from 350 meteis to over 700 meteis. 



SOME PEINCIPLES CONTEOLLING DEPOSITION OE OEES. 187 


have a rich oxidized zone, a rich sulphide zone, or both, in 
varying proportion. 

While the reaction between the oxidized products and the 
sulphides has been strongly emphasized in this paper because 
it is believed to be the most fundamental of the causes pro- 
ducing a rich upper belt, it is understood that other factors 
may also help in this ]process. As already pointed out, reduc- 
tion and precipitation of the metals of descending solutions 
may take place through the agency of organic matter or other 
reducing materials contained in the rocks, or by meeting 
ascending solutions carrying precipitating agents , also near 
the surface more than an average amount of original precipi- 
tates from ascending solutions is a possibility in some cases. 
(Seepp 122-123 ) 

Summarizing, it appears to me, therefore, that the existence 
of a rich upper belt in many deposits, and the frequent diminu- 
tion of richness of the ores in passing downward from the surface 
to some distance below the level of groundwater, cannot be 
explained as the work of ascending waters alone or as the work 
of descending waters alone ; but is fully explained as due to 
the work of ascending and descending waters combined. 
Ascending waters produce a first concentration. A second 
concentration by descending waters produces the rich products. 
Moreover, these rich products are found in the few meters or 
few hundred meters of the outer crust of the earth. When it 
is remembered that the greater part of the ores which have 
yet to be abstracted from the earth will come from the first 500 
or 700 meters, and when it is further considered that the efiect 
of descending waters may bo felt to these depths, it becomes 
evident that the process of second concentration by descending 
waters is a very important one indeed, so far as the economic 
value of ore-deposits is concerned. Indeed, as a result of it 
there is concentrated in the extreme outer shell of the crust of 
the earth a large portion of the products which during the 
first concentration may in many cases have been distributed 
over 1500 or 3000 meters or more, but which have now been 
largely removed by erosion. We therefore conclude that, for 
a large class of ore-deposits, a second concentration hy descend- 
ing ivaters cannot he said to he one whit less important in the genesis 
of ores than a fii st concentration hy ascending waters. 
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It follows from the foregoing that one of the most impor- 
tant classes of ore-deposits is that produced hj the joint action 
of ascending and descending waters. 

The Precipitation op Ores by Descending Waters Alone 

Por the sake of simplicity and continuity of exposition, the 
effects produced by descending waters have been applied to de- 
posits which have been first concentrated by ascending waters. 
However, it is perfectly clear that a concentration by descend- 
ing waters alone may he adequate to produce ore-deposits. 
Indeed, this is definitely known to he true of some of the most 
important ore-deposits, as for instance many of the iron-ores. 
A conspicuous case is that of the Lake Superior iron-ores, which 
very well illustrate the process of formation of ores of this class. 
Since the genesis of the Lake Superior iron-ores is fully dis- 
cussed by me in the Twenty-first Annual Deport of the IT. S. 
Geological Survey, this class of ores is not further discussed here. 

Special Factors Afpbcting the Concentration op Ores. 

In Part I it has been shown that the underground circula- 
tion may he effective to the bottom of the zone of fracture, and 
in Part 11 it has been seen that the concentration of ores is an 
orderly hut complex process. However, the discussion has not 
taken into account a number of the special factors which affect 
the concentration of ores The general discussion may need 
great modification to adapt it to a particular district. To illus- 
trate my meaning, it may he well to consider some of the ad- 
ditional factors affecting the deposition of ores, and to point 
out the more obvious possible modifications of the general 
theory which may result from them. The effect of (1) varia- 
tions in porosity and structure, (2) the character of the topo- 
graphy, and (3) physical revolutions, will be briefly considered. 

Variations in Porosity and Structure. 

There are many ways in which variations in porosity and 
structure may affect the concentration of ores by infiiiencing 
the circulation of waters.* The different strata of the sediment- 


* Compare Emmons’s “Structural Eelations of Ore-Deposits,” jfians, xvi , 
1888, 804-839 
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ary rocks vary greatly in porosity. The igneous rocks, and 
especially the lavas, also vary much in porosity. The meta- 
morphosed equivalents of either sedimentary or igneous rocks 
may differ in porosity. The contact of rocks frequently fur- 
nishes trunk-channels for underground circulation Bedding 
partings produced by shearing stresses during deformation fur- 
nish sheet channels parallel to the strata, or openings on the 
anticlines or synclines. Some strata when deformed may 
yield by fracture, furnishing channels for water-circulation, 
while interlaniinated strata may yield by tiowage, thus remain- 
ing relatively impervious. These various irregularities may 
combine in different ways. 

All irregularities in porosity and structure may modify, aiid 
in many cases profoundly, the simple general statements of the 
present paper (pp. 54-62, 79-84) concerning the character of 
underground circulation and the concentration of ore-deposits 
At some future time it may be possible to divide the modifica- 
tions of the general circulation due to variation of porosity and 
structure into classes, but for the present this cannot be done. 
The modifications of the general circulation which occur in 
many individual districts must first be studied and described, 
after which generalizations may possibly be made. However, 
some general statements may be made in reference to certain 
modifications of the general underground circulation. 

The ComjAexiiy of Openings . — In the general discussion an 
ore-deposit has been spoken of as if it were a single continuous 
mass formed in a large opening It is clear this is not the fact, 
but, on the contrary, that many ore-deposits have very complex 
forms. All ore-deposit in a single large opening is exceptional. 
From large single openings to openings of an extraordinarily 
complex character, there are all gradations A trunk-channel 
of circulation may be a set of distributive faults ; it may be a 
group of parallel or intersecting sets of openings along joints, 
it may be the minute parallel openings of fissility ; it may be a 
group of openings along bedding planes ; it may be the shrink- 
age openings formed within or along the borders of cooling 
magma, it may be the openings in an aiitoclastic rock or 
reibungs-breccia along a fissure, it may be the multitude of 
openings of a sandstone or a conglomerate. 

Consequent upon the many irregularities, trunk-channels of 
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circulation may vary from vertical to nearly horizontal atti- 
tudes. But ore-deposits ordinarily have important vertical com- 
ponents, although they may be found in nearly horizontal po- 
sitions In such eases the trunk-channels forming the deposits 
had probably vertical components somewhere else 

It is hardly necessary to give illustrations of ore-deposits for 
each of these complex conditions. However, as very excellent 
illustrations of veins of a very composite character may be 
mentioned the Cripple Creek deposits* and the gold-quartz 
veins of hTevada City and Grass Yalley, California f The 
essential point, so far as the discussion of the foregoing pages 
IS concerned, is that ore-deposits commonly occur at places 
wlaere there are trunk-channels for ascending or descending 
waters, or both. In order that metalliferous material shall 
be brought to a place and deposited in large quantity, there 
must be long-continued circulation. It matters not whether a 
trunk-channel is a single passage or is composed of an indefi- 
nite number of minor passages, the principles given on the 
previous pages are applicable to the deposition of ores in such 
trunk-channels. 

In various regions the conditions are so exceedingly com- 
plex that ore-deposits close together may differ from one another 
greatly This is the best evidence that, notwithstanding their 
contiguity, the underground trees of water circulation have 
been, if not independent, at least partly so. 

This is well illustrated by the ore-deposits of Butte, Montana. 
Here, apparently, the metallic contents of the individual feed- 
ing streams aud even the trunk-channels are very different 
within short distances. At this place are two main zones of 
mineralization. The more important product of one of these 
mineral zones is silver sulphide, which is associated with 
sulphides of lead, zinc and iron, and with silicate of manga- 
nese The chief product of the other mineral zone is copper, 
but this copper carries silver in important amounts.]; 

" “Mining Geology of the Cripple Greek District,” by B. A. F. Penrose, Jr , 
IQiJiAnn Be.pt U S Geol Swv., pt li , 1894-95 

t “ The Gold-Quartz Veins of Nevada City and Grass Valley, California,” by 
'VYaldemar Lindgren, VJihAnn BepL U.S Geol.Swiv,pt ii , 1895-9b, pp. 158- 
160, 259 

t ” Notes on the Geology of Butte, Montana,” by S P Emmons, Trains., xvi., 
54, 1888. 
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Impervious Strata at Various Depths. — Slicliter’s tlieoretical 
investigations on the motions of groundwaters show that, in 
order to discuss the flowage under any given set of conditions, 
it must he assumed that the flowage is limited only by an im- 
pervious stratum * It is, of course, understood that there is 
no such thing in nature as an absolutely impervious stratum, 
but there are many strata which are practically impervious. 
Wherever there is an impervious stratum in a district, this must 
be counted as the limit of circulation in that direction. The 
impervious stratum may be a iilastic shale which yields to de- 
formation without fracture , it may be a rock intruded after 
deformation has occurred, thus making a barrier If an im- 
pervious stratum exists at a given depth, the efiective under- 
ground circulation for that district is there limited or divided, 
whether the stratum be at the depth of 100 or 1000 or more 
meters. Of course there will be all gradations, from practically 
impervious strata to strata which merely check the circulation. 
It is believed that in the average case the limit of eflective cir- 
culation is probably much less than the theoretical limit of 
10,000 meters given by the depth of the zone of tracture 

However, if an impervious stratum be but 100 meters from 
the surface and fissures be limited to that depth or interrupted, 
the laws given pp. 54-62 will commonly apply to the circulation 
above the stratum. Therefore such a fissure may be occupied by 
ascending water in the lower part and by descending water in its 
upper part. Hence an ore-deposit contained in such a shallow 
fissure may be the result of a single concentration by ascending 
or descending waters, or of two concentrations, the first by 
ascending and the second by descending waters. 

The foregoing statement in reference to the practical limits 
of underground circulation for the ore-deposits of a given dis- 
trict may be true even if below the impervious stratum there 
are other strata, fed from a distance, in which circulation is 
occurring. 

Such lower pervious strata may have circulations of their 
own independent of the higher circulations, and this circulation 
may produce ore-bodies. This is beautifully illustrated by the 
Enterprise mine of Eico, Colo, (see Eig 9, j) 154), described by 

* “Theoretical Investigation of the Motion of Ground Wateis,” by C S 
Slichter, 19th Ann JRept U. S Geol Swiv for 1897-98, pt. ii , pp. 329-357, 1899 
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Eickard,'* ** in wliieli the ore is confined to fissured and broken 
limestones and sandstones below a black shale, which when 
bent did not fracture, and therefore afforded no channels for 
water circulation. 

In this connection it may he well to mention the Mercnr 
district of Utah (see p. 156), where a silver ledge and a gold 
ledge about 100 feet apart each occur in limestone below a shale- 
like stratum of altered porphyry. Spnrr regards the silver ledge 
as produced by an earlier mineralizing period, and the gold 
ledge as resulting from a later period of mineralization f It 
may be suggested that the true explanation of the existence of 
two mineral ledges so near together and of such different 
mineral character is that in this district there were two indepen- 
dent circulations separated by impervious strata, the upper one, 
producing the gold ledge, being between the two impervious 
porphyry belts, while the lower one, forming the silver-deposit, 
was below the lower impervious layer. 

That a difference of opinion exists as to the source and 
manner of deposition of the lead and zinc deposits of the upper 
Mississippi valley has already been mentioned, (See p. 109 ) 
I believe that these deposits furnish an instance of two concen- 
trations where an impervious stratum limiting the coneentratmg 
circulation was at a very moderate depth. 

The succession for this district in descending order, accord- 
ing to Chamberlin, t is as follows • 

Uiagara limestone, 137 meters thick. 

Oinemnati shale, originally 61 meters thick (m Iowa called 
the Maquoketa shale) § 

Galena limestone, hearing organic matter, 76 meters thick. 

Trenton limestone, bearing organic matter, 12-30 meters 
thick, with mean of 21 meters, having at its top an oil-bear- 
mg shale, 11 “two or three to several feet in thickness at 


* “The Enterprise Mine, Rico, Colo.,” by T. A. Rickard, Tnins , xxvi., 1897, 
976-977 , also Figs. 19, 36, 40 

t “Economic Geology of the Mercur Mining District, Utah,” by J E Spurr, 
IQih Ann Bept U S Qeol. Suney, pt ii , 1894-5, pp 367-369. 
t Chamberlin, op cif , pp 407-419. 

f “Lead and Zinc Deposits of Iowa,” byA G LeonaicI, Joiva Qeol. Survey, 
vol. VI , 1897, p 23 

II Blake, Bull Qeol Soc Am , vol v., pp 28-29, also T^ms Am Inst Mm. 
Eng , vol xxu , pp 629-632. 
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points/’* and containing throughout its mass various shaly 
layers, which, however, are “ quite decidedly most prevalent 
near the base of the formation.”! 

St. Peter’s sandstone, 15-46 meters thick. 

Lower Magnesian limestone, 30-76 meters thick. 

Potsdam sandstone, 213-244 meters thick. 

Pre-Cambrian. 

It is to be noted that the Galena limestone is bounded by 
impervious shales above and below, and that the same statement 
applies to a less extent in reference to the Trenton limestone. 
As to the impervious character of the thick Cincinnati shale 
above the Galena, there is no doubt. One might, however, 
question the impervious character of the thin bed of shale at 
the top of the Trenton, but that this is relatively impervious is 
strongly indicated by the fact that in the Shullsburg and other 
districts, as pointed out by Blake, the ore-deposits stop at the 
top of tins layer.! "While in the Trenton the impervious 
shales are more prominent at the top and near the bottom, 
there are more or less impervious layers within the Trenton. 

The strata dip to the southwest. Chamberlin says for Wis- 
consin, “ The strata on the north side of the lead region are 
600 feet (162 meters) higher than those of the south side, 
and if traced farther the difference in altitude would be found 
greater. Beds on the eastern side are 350 feet (107 meters) 
higher than on the west side.”§ Superimposed upon the 
general southwest monocline of the district are a number of 
subordinate anticlines and synclmes, and the ores are mainly 
confined to the synclines. H At the time of this deformation 
the brittle limestones were probably fractured, producing the 
present complex system of intersecting joints, but the plastic 
shales were deformed with comparatively little fracturing. The 
time at which the deformation occurred is not definitely known, 
but in all j)robability it antedated the deej^ erosion and con- 
centration of ores in the district 

* Clambeilin, cit , p 412 t Chamberlin, Geol of TFis, vol iv , 1882, p 409. 
t ‘‘Lead and Zmc Deposits of the Mississippi Valley,” by Wm P Blake, 
l\ans. Am Inst. Min. Eng , vol. xxii., 1894, pp. 629-682 (Discussion of Jen- 
ney’s paper ) 

\ Chamberlin, at , p 422. 1| Cbambeilin, at , pp 432-438 

^ “Lead and Zinc Deposits of tlie Mississippi Valley,” by W P Jenney, 
T)ans Am Inst Mm Eng ,yo\ xxii , 1894, pp 208-209 Discussion of Jenney’ s 
paper, by Wm P Blake, op at , pp 628-629 Chamberlin, op at , pp 427, 485 
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Areally tire ores occur to a mucli greater extent east of tire 
Mississippi river than west of it , that is, mainly east of the 
main line of drainage. As to horizons, by far the greater 
quantity of ores which have yet been abstracted were found in 
the Galena limestone.* However, considerable quantities of 
ores have been taken from the Trenton, and subordinate 
quantities from the St Peters and Lower Magnesian The ores 
occur ill the Galena from the top to the bottom. In cases where 
erosion has not cut deeii into the Trenton, the ore-deposits are 
apt to be found near the overlying Cincinnati shale. Por in- 
stance, in Iowa, where the shales are close at hand as a contin- 
uous formation, Leonardf states that the ore occurs “ mostly 
near the top of the Galena limestone, within the upper 50 or 
60 feet (16 meters to 18 meters).” "Where the drainage lines 
have cut through the Galena into the Trenton or lower forma- 
tions, the ores of the Galena are likely, in large measure, to be 
near the bottom of the formation, and considerable bodies may 
rest upon the oil-rock which marks the beginning of the 
Trenton. 

Following Chamberlin, I think it probable that a large part 
of the material of these ores was once disseminated through 
the sedimentary rocks, and especially the limestones My con- 
ception of the probable process of concentration in the Galena 
limestone is as follows • 

While in the Wisconsin lead district the Kiagara limestone 
and Cincinnati shale are only found on occasional mounds, as 
pointed out by Chamberlin, J there is no question but that these 
formations once extended over the entire district. As already 
noted, the Cincinnati shale is a very impervious stratum. Un- 
til it was cut through by the drainage, it is probable that effec- 
tive concentration of the ores did not begin. When it was 
once cut by erosion, then I conceive the main concentration 
history of the ore-deposits to have begun. The Mississippi 
river and areas adjacent Avere the places where the drainage 
was the lowest. However, these were not the places first cat 
through by erosion, for the difterence between the level of 
the Mississippi drainage and the tributaries adjacent is not so 

Qeol of Wts , yol ly., 407, 457, 481. 
f Leonard, cii., pp 43, 61. 
t Chamberlin, at , pp 410'412. 
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great as tlie dip of the strata to the southwest. In all proba- 
bility, therefore, the Cincinnati was first cut through, and the 
Galena encroached upon by erosion north and east of the lead 
and zinc district. This is probable from the fact that at the 
present time the Mississippi river for the most part in the lead 
district is on the Trenton, and never reaches deeper than the 
St. Peters; while the majority of the smaller streams in the 
northeastern part of the lead district have cut into the St. 
Peters, and the headwaters of some of them, notably the Pec- 
atonica, Platte, the Grant river, have cut through the St Peters 
into the Magnesian ; while still farther to the northeast, north 
of the divide, occupied by the Lancaster branch of the 0. & hi. 
W Py., the strong 'Wisconsin has cut down to the Cambrian * 

It is to be remembered that the pervious strata overlain by 
impervious strata along the Mississippi river bear water under 
pressure, as is shown by numerous artesian wells. The feeding 
area is the higher ground to the northeast. It is highly prob- 
able that the broken brittle Galena limestone was a formation 
which was capable of carrying water to considerable distances, 
and in considerable quantities, although probably not compar- 
able in these respects to the St Peters or Potsdam sandstones. 
The lead and zinc district of Wisconsin is wholly south of the 
divide between the Wisconsin river and the tributaries of the 
Mississippi. When the Wisconsin drainage north of the divide 
had cut through the Cincinnati shale, this furnished a feed- 
ing area to the Galena limestone. When later the Mississippi 
tributaries south of the divide had cut through the Cincinnati 
shale into the Galena, the waters entering north of the divide 
escaped. 

As erosion continued, the area in which the Cincinnati was 
cut through and the Galena penetrated, gradually extended to 
the southwest until the Mississippi itself had cut through the 
Cincinnati. During this time the water entered the Galena 
limestone at the higher elevations, that is, to the north and 
east, followed along this formation, and escaped at some lower 
point toward the Mississippi river. While the water to the 
greatest extent followed the upper portion of the Galena, it is 
believed that this broken formation was searched to its deepest 


* See “Atlas of Wisconsin,” pis i and vm. 
VOL xxs — 10 
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part according to the laws of flowage given pp. 64-62. The 
places of escape were near the top of the formation, and, there- 
fore, the waters of the trunk-channels leading to these places 
were ascending. 

As erosion slowly progressed, the zone of rising waters and 
escape slowly migrated from the northeastern part of the lead 
and zinc district to the southwestern part. The nature of the 
circulation at a given time is roughly represented by Fig 7, a 
northeast-southwest vertical section. The surface of the country 


Fig 7. 



Ideal Vertical Section of the Plow of TJndergiound Watei in the Galena Lime- 
stone of the Upper Mississippi Valley 


is shown by A, A', A", in which A, A' is the cross-section of a 
northwest and southeast belt, where waters enter, and A" is in a 
parallel belt to the southwest, iii which the waters escape. The 
numerous curved lines below the Cincinnati shale are intended 
to represent the circulation. The downward-moving lateral- 
moving waters, in the early stages of their journey, were oxidiz- 
ing and dissolving waters. When, through the organic matter 
contained in the formation, the oxygen had been exhausted and 
the oxidized products reduced, the waters were sulphuretted 
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waters, as explained pp 93-95. The npward-moving waters in 
the trunk-channels (A" B') were precipitating waters, as ex- 
plained pp 82-83. And especially the material was likely to 
be precipitated where the waters came in contact with abundant 
organic material. 

Where the limestone itself contained many carbonaceous 
substances, the material precipitated might have been widely 
disseminated, but as the carbonaceous material was more abun- 
dant in the clay layers, which, to some extent at least, repre- 
sented places where clay openings and ore-deposits now exist, 
the ore material was still more largely precipitated. The trans- 
fers of ore material at this time were, indeed, exceedingly 
complex, but because of a combination ot all of the factors 
considered in the general part of this paper, the material was 
precipitated to a greater degree in the trunk-channels where the 
water was ascending than anywhere else. 

In an early stage of the process the first concentration by 
ascending waters took place in the northeastern part of the 
district By the time that erosion had cut through the Cin- 
cinnati into the Galena in the southwestern part of the district, 
and ascending waters were concentrating ores, the northeastern 
part of the district might have been a feeding area where waters 
were descending, and a second concentration taking x^l^ce. 
Therefore, the second concentration by descending waters was 
going on in the northeastern part of the district at the same 
time that the first concentration by ascending waters was oc- 
curring to the southwest At the present time the erosion has 
cut sufficiently deep so that the second concentration by down- 
ward-moving waters has extended quite to the Mississippi river, 
and, indeed, to the west of it. At the present time the condi- 
tion of afiairs, except the circulation, is represented by Fig. 7 
below the line B B', which may be taken as the present surface 
of erosion. 

This general statement as to the order of events concerning 
the district as a whole would also apply to the local anticlines 
and synclines. Other things being equal, where there were an- 
ticlines there erosion woifid first cut through the Cincinnati 
shale, and water make its way into the Galena formation. Later, 
when erosion had cut deep enough to expose the bottoms of the 
adjacent synclines, there the water entering at the anticlines 
arose and escaped, and a first concentration occurred in the 
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synclinal areas Later, wlien erosion had cut deeper, a second 
concentration by descending waters occurred , and thus these 
concentrations were localized in the synclines, where, accord- 
ing to Chamberlin, they now occur In this connection it is 
to be remembered that the anticlines and syncliiies of the dis- 
trict are very gentle. Therefore, the conditions are here differ- 
ent from those of a district where there are sharp, strongly 
pitching folds covered by impervious strata (See pp 150-157 ) 

My conception of the process of concentration of ores in the 
Galena limestones is, therefore, that of a circulation practically 
limited above by the Cincinnati shale and largely limited below 
by the impervious oil shale of the Trenton. To what extent 
ascending waters from the St. Peters, Cambrian and pre-Cam- 
brian rocks under the pressure of considerable head were able 
to work up through the more or less impervious shales of the 
Trenton limestone is uncertain For the purposes of this paper 
it makes little difference whether during the time of deposition 
of ores m the Galena limestones by ascending waters the cir- 
culation was practically limited by the Cincinnati shale above 
and the Trenton below, or whether a contribution of waters 
ascended from greater depths For a given point where the 
Cincinnati shale had just been removed, the first concentration 
occurred by ascending waters, and later when the Cincimiati 
shale had been removed farther to the southwest the second 
concentration by descending waters took place The belt of 
second concentrates by descending waters slowly migrated 
downward as erosion extended into the Galena. Where the 
denudation has gone a little way into the Galena, the ore-de- 
posits are found near its upper part Where denudation has 
gone well down into the Galena, the ore-deposits are found near 
its lower part. Where the lines of drainage are considerably 
below the Galena the second concentration and downward mi- 
gration of the ores has resulted in the formation of consider- 
able deposits directly upon the petroleum oil-rock at the top of 
the Trenton. In these cases the materials exploited are prob- 
ably the second concentrates ffom the entire Galena formation. 

The precipitation of the lead- and zmc-ores by reactions of 
the oxidized products upon the remaining sulphides, and by the 
reducing action of the organic material contained in the rock 
and the organic material coming down from above, have already 
been considered. (See pp. 105-109.) However, in this connec- 
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tion it sliould be noted that the position of the ores upon the 
oil-rock IS probably explained through the reducing action of 
solutions slowly oozing iij) through the shale , for the ore is not 
mainly precipitated m the oil-rock, but immediately above it. 
In this connection it is to be remembered that all of the per- 
vious strata capped by impervious strata in this region bear 
waters under pressure. Therefore, water would slowly pass 
up through the shale, for no formation is absolutely impervious 

It will be seen at once that the above theory of circulation 
explains the formation of rich deposits near the top of the Ga- 
lena, as in Iowa, and these deposits are very difficult to account 
for solely upon the theory of descending waters. It accounts 
equally well for the formation of rich ores in the middle and 
lower horizons of the Galena where denudation has gone fur- 
ther. It accounts for the much wider distribution of the ores 
east of the Mississippi river than west of the Mississippi river, 
since the strata west of the Mississippi river continue to dip to 
the southwest ; and the drainage west of the river has cut only 
for a little way deep enough so that the process of concentra- 
tion as above outlined could occur 

In the parts of the Upper Mississippi valley district where 
erosion has cut deeply into the Trenton, and especially where 
it has gone into the St. Peters, a similar history is applicable to 
the Trenton formation ; only the Trenton is more variable in 
its porosity than the Galena, and the deposits may not have 
been wholly derived from the Trenton formation, but may have 
received a subordinate contribution from the Galena formation 
which has been removed by erosion in part or altogether. 

In the application of the foregoing it is, of course, understood 
that the action of ascending and descending waters in a given 
hssure is not wholly successive; but is in large measure si- 
multaneous In the early stages of the deposition of an ore- 
deposit in a given fissure, ascending water would be likely to 
be the dominant factor; m an intermediate stage both ascend- 
ing and descending waters would be at work, and in the later 
stages of the process, and at the present time, descending waters 
are the dominant, and, perhaps, in the cases of many of the 
deposits where the oil-rock of the Trenton is near the surface, 
almost the sole factor. 

At the bottoms of valleys the waters have continued to be 
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essentially ascending instead of descending to tlie present time. 
The fact of their present ascension Chamberlin'' notes. Thus 
111 these places a second concentration has not occurred, and, 
therefore, such places are deficient in workable ore-deposits, as 
noted by Chamberlm.t (See p. 16-3 ) 

The case of the lead and zinc district has been dwelt upon, 
as it seems to me to illustrate almost ideally the practical lim- 
itations of circulating water by impervious strata. It shows 
that precisely the same principles of ore deposition are appli- 
cable when the limit of ciiculation is less than 100 meters deep 
that apply when the circulation extends to the very bottom of 
the zone of fracture. 

If my views be compared with those of the ascensiomsts, 
typified by Jenney, and the descensionists, typified by Cham- 
berlin, it will be seen that I occupy an intermediate position. 
Upon the fundamental point as to whether or not the ores are 
derived from a deej)-8eated source or are derived from sedimen- 
tary rocks, I am inclined to follow Chamberlin, although I 
do not feel certain that some of the material for the ores were 
not derived from a deeper source. 

The account given pp. 102-109, 142-150, in reference to the 
ore-deposits of the Upper Mississiiipi valley is not even approxi- 
mately complete. To give a satisfactory account of the genesis 
of the ore-deposits of this district, would require a detailed study 
and a monographic report. Such a report upon many phases of 
the problem — a remarkable paper — ^has already been written 
by Chamberlin.^ When the study is completed, it will be 
possible to explain not only the general order of mineral succes- 
sion vertically, but the multifarious and complex distributions, 
such as the cycles of depositions already mentioned. 

Pitching Troughs and Arches . — ^Another interesting special case 
of influence of porosity and structure is that where alternately 
pervious and impervious layers are in a set of pitching folds The 
varying porosity may follow from original difference in the por- 
osity of the layers, or it may result from the deformation itself. 
The more rigid strata may be deformed by fracture, and the less 


Chamberlin, op at ,p 565 
t Chamberlin, op at , p 563 

% “Ore-deposits of Southwestern Wisconsin,” by T C Chamberlin, Geol. of 
Wts , vol lY , 1882, pp 365-571 
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rigid by flowage. Also, tlie convex sides of tlie brittle layers 
are likely to be more fractured, and, tberefore, more porous 
than the concave sides. This would place the more porous 
parts of a stratum in contact with the confining impervious 
stratum below at the synclines and above at the anticlines. 
Furthermore, where the strata are closely folded, unless there 
is very great distortion of the strata, openings will form 
between the layers at the synclines and anticlines, thus furnish- 
ing trunk-channels 

Any combinations of porous layers with impervious layers in 
folds are likely to give trunk-channels for underground water 
at the troughs above impervious strata, and at the crests below 
impervious strata. When descending waters come into contact 
with an impervious stratum, they are deflected toward the syn- 
clines, and there finding the trunk-channels, they follow the 
troughs downward along the pitch. When ascending waters 
come into contact with an impervious stratum, they are deflected 
toward the anticlines, and there finding the trunk-channels, fol- 
low the arches upward along the pitch. Therefore, ore-deposits 
produced by descending waters are often found in pitching 
troughs underlain by relatively impervious strata ; and ore-de- 
posits produced by ascending waters are rather frequently found 
in pitching arches overlain by impervious strata. 

The Lake Superior iron-ores furnish an admirable illustration 
of the concentration of ores by descending waters in pitching 
troughs which are on impervious basements Since these ore- 
deposits, which fully illustrate the principles of concentration 
of ores by descending water in pitching impervious troughs, 
are fully discussed elsewhere, ores of this class will not be here 
further considered 

A case in which ore is probably deposited by ascending 
waters in arches, because there concentrated by impervious roofs, 
is furnished by the Bendigo gold-district of Australia The 
typical position for the gold in the district, according to Bickard, 
is immediately below a slate, on top of a sandstone. The slate is 
the impervious stratum and the sandstone the pervious stratum. 
The ores are, presumably, in part, in the openings between the 


* ''The Bendigo Gold-Field,” byT A Kickaid, Trans, xx , 1892, pp 463- 
645. 
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layers made by folding * 8 ) Moreover, in this district 

there are a large number of alternations of pervious and imper- 
vious strata, as a result of which a number of concentrations have 
occurred one above the other While Rickard does not speci- 
fically speak of the pitch of the anticlines, the longitudinal 
sections show that they do have a marked pitch Rickard’s 
explanation of the location of the oresf is that the apices of the 
anticlines would furnish more open passages than the syncliiies, 


Fig 8 



SADDLE. 

The Concentration of Ore by Ascending Water at a Crest below an Impervious 
Stiatum. After Bickard [Trms , xx , 467, Fig 2) 

hut why at a given level this would he so does not appear. 
This explanation may possibly be to some extent applicable, but 
the pitching arches concentrating the ascending solutions below 
impervious strata are believed to be the main cause of the local- 
ization of the gold. 

Another excellent illustration of ore-solutions concentrated 
by an impervious roof is furnished by the Mercur district, IJtah, 
described by Spurr,J where two ore-hearing beds, one called 
the silver ledge and the other called the gold ledge, about 100 

Eickard, loc. cit , Fig 2, p 467. See also Fig 12, p 481 ; Fig 13, p 483 , 
Fig 37, p 499 , and Fig. 38, p. 501 

t “The Origin of the Gold-Bearing Quartz of the Bendigo Eeefs,” by T. A. 
Eickard, Trans , xxii , p 319 

4 “Economic Geology of the Mercui Mining District, Utah,” hy J E Spurr, 
im Ann Eept U S Geol Simi , pt u , 1894-95, pp 365-7, 395, 899-401, 449, 
454 , see also PI sxxiv , Figs 44 and 45, and PI xxy , p 360. 
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feet apart, occur in a limestone below seams or beds of shale-like 
material, which, however, is very much altered porphyry. The 
ores are especially localized where fissures reach these beds, 
and thus displace them, and in some cases form local arches, 
although Spurr does not mention this latter fact. Moreover, 
the entire ore district is located upon a general anticline, 
furnishing a general pitching arch. 

Another exceedingly interesting illustration of the depo- 
sition of ores below an impervious stratum in pitching arches 
IS that furnished by the Enterprise mine of Rico, Colorado, de- 
scribed by Rickard in a paper already cited.''' In this district 
above the ore-bodies is an impervious shale which is not broken 
at all, or very rarely, by the fissures. The ore occurs in two 
places, (1) in nearly vertical fissures extending indefinitely down- 
ward below the shale, but not upward into it. The verticals 
are cut by cross-fissures, and where the intersections occur the 
fissures are likely to be unusually rich. (See pp. 85-88 ) (2) 
The larger masses of ore are found in crushed or fractured lime- 
stone below the black shale and above the fissures. More- 
over, these bodies are narrow laterally, and are parallel to the 
strike of the verticals and also of the cross-veins. Eigs. 9 and 
10 show that they occur below anticlinal flexures of the shale 
made by the deformation resulting in the faulting in the more 
brittle rocks below. Rickard regards the deposits as the result 
of ascending waters, since the fissures continue downward but 
do not extend upward into the shale It is believed that when 
the Enterprise deposit is further studied it will be found that 
the flexures of the shale furnishing the anticlinal arches have 
a pitch (and indeed this is indicated by Eig. 10), and that the 
waters issuing from the verticals and the cross-fissures followed 
these arches upward until the pitch somewhere brought them 
to the surface, at which places the waters escaped as springs; for 
the waters of the ascending circulation must have somewhere 
escaped, and that they could not do through the impervious 
shale. 

At this point it may be suggested that where ore-deposits 
occur in connection with pitching anticlines and synclines, that 
their positions furnish a criterion by which it may be decided 

* “The EnteipiiseMine, Eico, Colo.,” byT. A Eickard, Trans,, sxvi , p. 906, 
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whether their first concentration was accomplished hj ascend- 
ing or by descending waters. Where the ores occur in pitching 
arches hounded above by impervious strata, the presumption is 
that they were concentrated by ascending waters ; where the 
ore-deposits occur in pitching troughs bottomed by impervious 


Fig 9. 




Jumbo No 2 Vein at the Contact 

Ore below a Gentle Arch of Impervious Shale, where the Feeding Fis&uie Com- 
ing from Below Ends at the Bottom of the Impervious Layer. After Eickaid 
{Trans , xxvi , 961, Fig 36). 

strata, the inference is that they were concentrated by descend- 
ing waters , for, as already explained, it is diflicult to see how 
waters can be converged at such positions by moving in the re- 
verse directions Of course, this criterion cannot be too rigidly 
ajiphed, for independently of the impervious strata, openings 
which so frequently occur on anticlines and synclines might 
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furnish trunk-eliannels which could he taken advantage of hy 
ascending or descending waters. Thus in the Bendigo gold 



district of Australia, while the more important ore-deposits are 
in anticlines, occasionally an ore-deposit is found on a syncliue.* 

* “ The Bendigo Gold-Field,” by T. A. Eickard Tmm , xx , 1892, p. 484. 
See Fig 6, p 475 
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If tlie above criterion be applied to tbe Leadville ore-deposits, 
tbe conclusion would be that the sulphides of Leadville were 
deposited by ascending waters, since they mainly occur on an- 
ticlines or anticlinoria below a relatively impervious porphyry 
and in a much-broken limestone, mainly the blue limestone 
The plates of the Emmons atlas show that the ore more largely 
occurs on anticlines and on the flanks of the folds than in syn- 
clines, although some subordinate synclines on anticlinoria con- 
tain ore-bodies. When dej)osited as sulphides the ores were 
probably somewhat more uniformly distributed than at present 
along the base of the porphyries. Later, when the second con- 
centration occurred by downward-moving waters, the material 
which ill many places was on denuded anticlines was in part 
carried down the limbs of the folds under the porphyry into the 
limestone. At this time doubtless, also, the limestone would 
be largely dissolved and the materials would be carried not 
only down along the dip but across the beds, thus producing 
the very great irregularities which are characteristic of the bot- 
toms of these deposits. If the above explanation be correct, 
the Leadville ores would present another case in which both 
the ascensionists and descensionists have had a part of the 
truth, t 

In this connection it may be suggested that the positions of 
the ores in reference to the limestone and porphyry in the 
Leadville district are remarkably similar to those of the ores in 
:jhe Mercur district in reference to almost identical formations. 
The forms of the deposits, their irregular under-surface in the 
limestone, and the regular surface at the porphyry are all iden- 
tical. Both Emmons and Spurr agree that the ore in the Mer- 
ciir district was deposited as sulphides by ascending waters. 
If this be true, the same explanation is probably applicable to 
the Leadville district. ^ 

A pervious layer or other opening furnishing a trunk- 
channel for circulating waters may be bounded on both sides 
by impervious strata. In this case the ore-deposit may be pro- 
duced by ascending or descending waters. But where the strata 


* “Geology and Mining Industry of Leadville,” by S. F. Emmons, 3£on XJ S 
Oeol Sw-v , No 12, 1886, chap vi , pp. 539-584 
f “Geology and Ore-Deposits of Iron Hill, Col,” by A A Blow, Tians., 
xviii , 1890, 180 
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are folded into pitching anticlines and synclmes, the jiositions 
of the ores with reference to the folds would determine whether 
the precipitating waters were ascending or descending. An 
excellent illustration of ore-deposits at the openings of anticlines 
between relatively impervious strata, presumably formed by 
ascending waters, are the gold-bearing quartz-ores in the slates 
and quartzites of hiova Scotia, described by Faribault.* Here 
there are a great many parallel deposits directly at the anti- 
clines or on some parts of the anticlinal folds, the deposits 
being separated by layers of relatively impervious slate. Fur- 
thermore, the largest deposits are located on the great pitching 
anticlines rather than the subordinate ones. 

Porous pitching troughs below an impervious stratum or 
above an impervious stratum or between impervious strata may 
have a different origin from those mentioned. Very frequently 
such troughs are produced in part or in whole by intrusive 
igneous rocks. For instance, if sedimentary strata have a 
moiioclinal dip and a dike cuts across the strata, a pitching 
trough may be produced, as, for instance, in the Penokee 
district, t An intruded igneous rock may follow the contact 
between folded strata, and thus furnish a trough or arch 
bounded by an impervious formation Various other ways 
will immediately occur to one in which pitching troughs or 
arches with impervious basements or roofs or both, may be 
produced. It matters not how the trough or arch be produced, 
provided a porous stratum or an opening between the layers 
furnish a trunk-channel, such a trough or arch will be favor- 
able for the concentration of ores Of course, other favorable 
conditions must co-operate with these in order to produce an 
ore-deposit. 

Combinations of pervious and impervious strata, united with 
joints, faults and other structures which affect some impervious 
strata and do not others, may furnish extraordinarily complex 
sets of conditions which I am not able to discuss in a general 
way , but such will undoubtedly yield interesting results when 
studied in special cases. 

' “The Gold Measures of Nova Scotia and Deep Mining,” by E R. Eari- 
bault, Paper read befoie the Canadian Mining Institute, March, ISljQ Pub- 
lished by the Mining Assoc of Nova Scotia, 1899 Pp 11, with plates 

t “The Penokee-Gogebic Iron-Beaxing Senes of Michigan and Wisconsin,” 
by E D Irving and C E Van Hise, ilfoa. U. S. Geol Surv,,^o 19,1892. 
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Pre-^xistmg Channels and Reglacemenis. — Wlien it is under- 
stood that ore-deposits ordinarily form in trunk-cliannels, the 
question as to whether ores are deposited in pre-existing open- 
ings or are replacements is easily answered, as a general propo- 
sition. It has been shown that solutions cannot be appealed to 
to explain the original formation of channels (see p 40). The 
existence of channels for underground circulation must be 
explained by the original structures of rocks, or by the effects 
of deformation, as already indicated. It therefore follows 
that ore-deposits are, to some extent at least, deposited in 
pre-existing openings However, the conditions for vigorous 
circulation are also those for reactions upon the wall-rocks. 
It has been fully explained that solution and deposition are 
commonly simultaneous processes. Wherever there is a trunk- 
channel it is certain that the walls of the openings will to some 
extent be dissolved, and at the same time or subsequently 
metalliferous minerals be precipitated Indeed, either enlarge- 
ment by solution and subsequent precipitation of ore or syn- 
chronous solution and precipitation by which the wall-rocks are 
replaced in various degrees molecule by molecule by the ore, 
or both together, are almost universal iihenomena. 

I therefore believe that the large majority of ore-deposits, if not all, 
are partly deposited in pre-existing openings and are partly replace- 
ments of the wall-rocks However, in some cases the filling of the 
pre-existing cavities is the more important or even dominant 
process, and in other cases substitution for the wall-rocks is the 
more important or dominant process. 

Other things being equal, the main masses of ore-deposits 
are more likely to be in pre-existing cavities in refractory rocks, 
such as quartzite, granite and porphyry ; and ore-deposits which 
are largely replacements are more likely to occur in easily sol- 
uble rocks, such as limestone. The gold-quartz veins of Cali- 
fornia give an excellent illustration of the deposition of ores 
in pre-existing cavities in refractory rocks, such as siliceous 
argillite, diabase, diorite and granodiorite.* This instance is 
all the more interesting since the wall-rock itself is greatly 
modified, and has lost and gained various elements. Ore-de- 
posits which are largely replacements are well illustrated by the 


Lindgren ext , pp. 172-257, 259, 261 ; also pp 146-157. 
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silver-lead deposits of Eureka, Idevada, and Leadville, Colo- 
rado, and by the gold deposits of the Judith mountains, Mon- 
tana ''' ^ 

Eeplacements are likely to be important also in proportion 
as the trunk-channels are complex rather than simple. This 
follows from the law of mass action. In proportion as a trunk- 
channel is complex, the surface of action upon the wall-rock for 
a given quantity of solution is large As conspicuous examples 
where there are large surfaces of action may be mentioned 
sandstones and conglomerates, and the reibungs-breccias or 
crushed rocks along fault zones. Where the trunk-channels 
are very complex, the rocks even if refractory may be replaced 
to a considerable extent by the metalliferous ores A conspic- 
uous instance of this in a sedimentary rock is that of the copper 
conglomerate deposits of Lake Superior, where many grains, 
pebbles and boulders of porphyry are partly or wholly replaced 
by metallic copper. In some places the metallic copper occurs 
as partial or complete skulls surrounding the boulders of por- 
phyry, ill other places these skulls are thicker, and in still 
other places the entire masses of the boulders, as described by 
Pumpelly,t are fully replaced by the metallic copper. While 
the conglomerate deposits of Lake Superior are in part re- 
placements, they also are in large part, fillings of pre-existing 
cavities between the clastic particles. An excellent example 
of replacement in igneous rocks where there is complex dis- 
tributive faulting and thus a large surface of contact for sub- 
stitution, IS furnished by the Cripple Creek district, in which 
according to Penrose,]: ore mainly occurs replacing and blend- 
ing into various igneous rocks. 

In case of substitution the entire mass of the rock may be 
continuously replaced. This is particularly likely to occur 


■■ “Silver-Lead Deposits of Eureka, Nevada,” by J S Curtis, 3Ion JJ S. 
Oeol Suiv , No 7, pp 98-99 “Geology and Mining Industry of Leadville,” 
by S F Emmons, Mon U S. Geol Surv , No 12, pp 556, 569 “ Geology and 

Mineial Resources of the Judith Mountains of Montana,” by W H Weed and 
L V Piisson, 18th Ann Bept U. S Geol Surv , pt m , 1896-97, pp 594, 698. 

t “Copper District,” by R Purapelly, Geol of Mwh , vol i , for 1869-1873, 
pp 37-38 “ Paragenesis and Derivation of Copper,” by R Pumpelly, J.m Joui 

Sci , Thud Senes, vol li,, 1871, p 361. 

t “The Mining Geology of Cripple Creek, Colorado,” by E A F Penrose, 
Jr., mh Ann Bept U B Geol Snrv , pt. u,, pp 140-141, 144-146, 161-162. 
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where the rock is uniform in structure and composition, as 
limestone or dolomite. "Where, however, the rock is of com- 
plex composition such as granite or porphyry ; or where there 
are difiFereiit kinds of rock present, as, for instance, diorite and 
granite, the replacement will usually be largely selective. This 
selective replacement may apply to the mass of the wall-rock, 
to the individual fragments of it, to clastic fragments of sand- 
stones or conglomerate, to the different constituent minerals iii 
a single fragment. The particular minerals or masses which 
are most soluble in the solutions present will he most rapidly 
dissolved. 

Where the wall-rock varies greatly in the solubility of its 
minerals, the selective replacement of the country-rock may ex- 
tend for some distance from the central deposits. The readily- 
soluble minerals are dissolved, and in place of them there are 
precipitated the metalliferous minerals. This process is ordi- 
narily called impregnation. Selective reiilacement of this kind 
is well illustrated by the Butte, Montana, granite, in which 
“ the basic constituents of the granite are naturally attacked 
first, then the feldspars, and finally the quartz itself' may be 
removed, so that in some parts there are found large masses, 
composed entirely of metallic minerals 

In the variable solubility of the country-rock lies the partial 
explanation in regions of heterogeneous rocks of the frequent 
occurrence of the main masses of the ore-deposit in the more 
soluble rock. Bor instance, where limestone and sandstone, 
limestone and quartzite, limestone and diorite, limestone and 
trachyte, limestone and porphyry, limestone and granite, or 
limestone with almost any other rock occur in intimate asso- 
ciation and ore-deposits are found, the ore is likely to "be largely 
in the hmestone.f The partial explanation of this relation is 
undoubtedly the more ready solubility of the limestones. How- 
ever, other factors enter into the matter. It has already been 
explained that the country-rock may famish solutions which 


* ‘‘Notes on the G-eologj of Butte, Montana,” by S F Emmons, Tians , XTi , 
1888, 57 

t “The Copper Ores of the Southwest,” by Arthur F Wendt, Tiaras , xv., 25- 
77 “Silver-Lead Deposits of Eureka, Nevada,” by Jos Stoiy Oiutis, Mon 
U 8 Geol Su7V, No 7 “Geology and Mining Industry of LeadviHe,” by S. 
F Emmons, 3fon, XT. S, Geol Sun , No 12, p 540. 
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react upon the mineral-bearing sol-ations, and thus cause pre- 
cipitation (see pp. 62-64). Furthermore, ivhere limestone and 
stronger rocks are deformed together, the limestone, having 
less strength, is more likely to be crushed and broken in a com- 
jilex manner and thus furnish trunk-channels for circulation 

In conclusion, I insist that ore-deposits form where there 
existed original trunk-channels of circulation These trunk- 
channels may have been greatly enlarged by solution. This, 
indeed, is the general tendency above the level of groundwater, 
but the general tendency below the level of groundwater is 
to cement rather than to enlarge the openings (see p. 74). 
Ore-deposits formed along trunk-channels will commonly, if 
not universally, be to some extent in ]3re-existing openings and 
to some extent as a substitution for the wall-rock Where the 
trunk-channels are simple and the rocks are refractory the ore- 
deposits to a large extent are likely to be in pre-existing open- 
ings. Where the trunk-channels are complex and the rocks 
soluble the orc-deposits to a large extent are likely to be re- 
placements. 

Character of the Topography. 

Effect of the Vertmal Element . — ^Where the topography is 
marked the underground circulation is likely to penetrate 
much deeper than m regions where the variations in topog- 
rajihy are slight. 

In mountainous and elevated plateau regions the lithosphere 
is likely to have more numerous, larger, and deeper openings 
than in low-lying areas. Elevated areas are those of compara- 
tively recent orogeuic or epeirogenic movement. Therefore 
they are regions in which the rocks have recently been de- 
formed and fractured, and hence the processes of cementation 
would have been less likely to have closed the openings In 
regions of very steep topography the tendency for the material 
to glide down the slope under the stress of gravity also tends 
to widen openings which have been once formed. Such move- 
ments are known to be eflective to the depth of hundreds of 
meters. It is hence clear that elevated and rough regions are 
those in which the underground circulation is likely to find 
large, numerous, and deep openings. 

Furthermore, elevated and mountainous regions are those in 
von XXX —11 
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whicli tlie i-iudergroiind water lias tlie greatest difference in 
head, and this is favorable to deep circulation. 

Thus, in mountainous regions, like the Cordilleras, it would 
he exiiected that the underground circulation both ascending 
and descending would be effective to greater depths upon the 
average, than in regions of gentle topography like that of the 
lead and zinc district of southwestern Wisconsin (sec Tig. 7, p. 
146), where it is perhaps probable that the scope of the effective 
eircnlation, ascending and descending, is confined to a vertical 
distance of 500 meters or less. 

Unfortunately, the majority of descriptions of mines do not 
say anything as to the level of groundwater. In the San J nan 
district of Colorado, which is a region of very rugged topog- 
raphy, Pnriiigton states* that the level of groundwater is far 
helow the surface, and that oxidizing eff'ects are produced at 
a depth of SOO meters or more, thus confirming the conclu- 
sion that the zone of descending water is increased by rugged 
topography, and it can hardly be doubted that the zone of 
effective ascending circulation is e<][ually increased 

Effect of the Horizontal Element — The horizontal position of 
an ore-deposit with reference to topography often has an im- 
portant infiiience upon its richness and magnitude If the 
correct theory of circulation of nndergroiiiid waters and the 
deposition of ores has been given, certain corollaries follow from 
this theory with reference to this point 

(1) Commonly ores deposited by ascending waters would he 
formed helow the valleys, or at least below the lower parts of 
the slopes, for these are the places where waters are ascending 
in the trunk-channels, (2) Commonly ores deposited by de- 
scending waters would be formed helow the crests or below the 
upper slopes of elevations; for these are the places whore water 
would be descending. Probably the upper slopes would he more 
favorable places than the crests ; for at an annular belt upon the 
upper slope of an elevation the quantity of descending waters 
would he greater than at the crests. (3) Commonly ores which 
receive a first concentration by ascending waters and a second 
concentration by descending waters would be on the slopes, 

* " Preliminary Beport on the Mining Industries of the Tell nude Quadi angle, 
Colorado,” by C W Purington, 18tA Ann Rept. U S Geol Swv., pt iii , 1896- 
97, pp. 825-827 
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probably in many instances nearer tbe valleys than the crests. 
At such places the meteoric waters falling at the higher eleva- 
tions would have sufficient head to deeply search the zone of 
fracture for ores Therefore, the ascending circulation in trunk- 
channels would be strong. Furthermore, at such places the level 
of groundwater would be a considerable distance below the sur- 
face, and abundant descending w'aters would be concentrated 
in the upper parts of the openings. (See Fig 6, p. 81.) The 
downward migration of the belt of weathering would furnish 
the final favorable condition for the accumulation of a large 
amount of second concentrates by descending waters 

Admirable illustrations of ore-deposits corresponding to the 
second of the corrollaries are furnished by the iron-ore-deposits 
of the Lake Superior region These are the products of de- 
scending waters, and the great majority of the ore-deposits are 
found near the tops of hills or upon the upper slopes 

An excellent illustration of the third corrollary is furnished 
by the lead and zinc district of the upper Mississippi valley. 
Chamberlin'*^ notes that in the valleys of the ‘Wisconsin part of 
the district the waters generally ascend to the surface , therefore, 
at such places only a first concentration would be expected, and 
it 18 the general impression among miners that a lode makes 
better oii the slope of a hill “ than at the summit or at the foot 
of a hilL”t Furthermore, it is held by the miners that the 
lodes which run parallel to a contonr of a hill “ like an eave- 
trough,” are more likely to he rich than those which run toward 
the suminit of the hill.| Loth of these practical conclusions 
of the miners are fully explained hy the theory of a first 
concentration hy ascending waters, and a second concentration 
hy descending waters when considered in connection with the 
topography. 

The above conclusions concerning the relations of oi e-de- 
posits and topography are only perfectly applicable in regions 
in which the drainage lines have been reasonably stable The 
Lake Superior region and the lead and zinc district of the 
upper Mississipp)i valley are regions of stable topography The 
main drainage lines have probably not been greatly modified 

* Chambeilm, cii , p 565. 
t Chamberlin, eit , p 563 
X Chamberlin, cit , p 563. 
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since tliey were establisbed at the close of the Cretaceous period 
of base levelling. This is certainly true of the lead and zinc 
district, but in the Lake Supenor region the drainage lines 
have been to some extent modified by the glacial invasions. 

In regions in which there have been recent important changes 
111 the positions of the drainage lines and elevations, the gen- 
eralizations are only partly applicable It is well known, in 
conseq[iience of the varying hardness of rocks, in consequence 
of their structure, in consequence of the unequal strength of 
streams and unequal declivity, that drainage lines are almost 
constantly shifting, and in many regions somewbat rapidly. 
Consequent on this shifting, many ore-deposits which, when 
below valleys, received a first concentration by ascending 
waters, are now well up on slopes or even at crests A change 
of this kind -would be especially favorable to the development 
of ore-deposits which are due to two concentrations, the first 
by ascending and the second by descending waters In an 
early stage of tbe history of a deposit it would he in the most 
favorable place to receive a first contribution of ore. Later, 
when, as a consequence of a topographic change, it was on 
higher ground, it would then he in a favorable place for the 
work of descending waters Although it is difficult to prove, 
I have little doubt that many ore-deposits have had this very 
favorable history. 

Many other ways could be suggested in wbich changing 
topography would be favorable or unfavorable to further con- 
centration of ores. However, I shall not attempt this, but 
suggest that geologists in various regions study the ores in 
connection with the topographic development of the region. 
Such studies will furnish facts upon which safe generalizations 
may be made 

Physical Revolutions 

The genesis of many ore-deposits is undoubtedly further 
complicated by physical revolutions of various kinds. After 
an ore-deposit has partly formed, either by ascending or de- 
scending waters or both, the region may go through a physical 
revolution, and after the revolution the concentration of the 
ores may again he taken up by Nature’s processes. 

After an ore-deposit has been formed the country may be 
reduced to the level of the sea either by denudation or sub- 
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sidence , there be deeply buried under sedimentary roclvs ; 
may be again uplifted, and undergo a second cycle of reactions 
which afiect the nature of the ore-deposits. An ore-deposit 
partly formed may be buried deep under volcanic rocks. This 
undoubtedly has occurred on a great scale through the great 
period of Tertiary vuleamsm in the Cordilleras of the West 
The ore-deposits there buried are placed in a new environment, 
and are undergoing a second cycle of concentration or deple- 
tion When m the future denudation shall have stripped off 
these volcanics, these ore-deposits will be at the surface This 
may not occur while man occupies the earth, but doubtless 
similar things have occurred with reference to extensive areas 
where mines are now being worked It is well known that 
when fissures once form, these are places of weakness, and that 
movement has again and again recurred along the old planes 
Thus, where the conditions once become favorable for ore-con- 
centration they may reeur in the same places through various 
revolutions. Physical changes of various other kinds may take 
place. Each of the complex changes in physical history will 
produce its effect upon an ore-deposit. 

General 

It is clear from the foregoing that an ore-deposit may not 
represent the work of a single period of ascending waters, but 
may include several alternating periods of ascension and descen- 
sion, and in this way irregularities in certain of the ore-depo&its 
in very ancient rocks may be exj)lained However, it axipears 
probable in many cases that the mam work of ore deposition 
has been the result of a single concentration by ascending 
waters and a single concentration by descending waters. 

Any of the special and local factors above discussed and 
others may in an individual ease be so conspicuous as to ap- 
pear to be a controlling factor in the formation of an ore-deposit. 
One might say that the existence of a given trough was the 
cause of the production of an ore-deposit. The truer state- 
ment would be that the factor under consideration is one 
essential factor among many The porosity of a formation, 
the existence of a pitching trough, favorable topography, the 
presence of igneous rocks furnishing heat to make the waters 
active, and many other special factors, may, in a given case, all 
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Ido essential factors, without the help of any one of which an 
ore-deposit would not have been produced. But no combina- 
tion of these special factors will form an ore-body, if a source 
of the metal is not available upon which the underground 
waters may act. In short, each case of the formation of an 
ore-deposit requires the fortunate combination of many favor- 
able factors, working harmoniously together, the absence of 
any one of which may prevent the concentration of the ore- 
deposit. 

Ore-Chutes * 

hTo fact is better known concerning ore-deposits than that 
they vary in the most remarkable fashion, both in size and 
richness Moreover, these variations are both vertical and 
horizontal, frequently rich deposits decrease in size or are 
wholly cut off with extraordinary abruptness. Other equally 
rich deposits may appear somewhere else on the same level or 
on another level in an equally strange and apparently inex- 
plicable manner. The ore-masses of exceptional richness are 
generally called ore-chutes. Sometimes they are spoken of as 
pay-streaks, at other times as bonanzas, at other times as chim- 
neys. In this paper ore-chute is used as a general term to 
include all deposits of exceptional richness or size, of whatever 
origin. At various places in this paper factors have been iiieii- 
tioned which produce ore-ehntes. However, because of the 
very great economic importance of ore-chutes, it seems to me 
advisable to consider under one heading some of the more 
prominent of these factors, even at the risk of repetition. 

Ore-chutes may be grouped into those which are largely ex- 
plained (A) by structural features, (B) by the inhuence of the 
wall-rocks, and (C) by a secondary concentration by descending 
waters. 

(A) One large class of ore-chutes may he explained princi- 
pally by structural features. These structural features may be 
(1) the varying size, (2) varying complexity, (3) flexures, (4) in- 
tersections of fractures, and (5) later orogenic movements. 

(1) A fracture through a mass of rocks is necessarily uneven. 
"Where there are movements, it follows that the walls will not 

For a general discussion of ore-chutes m fissures, see “The Mining Geology 
of the Clippie Cieek Distiict,” by B A F Penrose, Jr., 16t/i Ann Bept U, 8. 
Geol Sm vey, pait ii , 1894-1895, pp. IfiJ-iefi 
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be adjusted to each other Where projections or complex sur- 
faces are opposite each other, the fissure may be represented 
by a mere seam Where, on the other hand, depressions or 
two concave surfaces are opposite each other, a widening may 
occur which in some cases is sufi&cient to produce a great room. 
Eooms may be partly or largely produced by solution Eooms 
may be connected by comparatively large channels. Thus 
there may be in a single mine a succession of rooms filled with 
rich deposits connected with rich chimneys. It is evident from 
the above that there may be every variation in the width of an 
ore-dcposit due to this factor, from zero to many feet. 

It has been shown, other things being equal, that the under- 
ground circulation will follow the largest openings. Thus, 
wherever there are rooms, and especially where there are 
rooms with connecting passages of considerable width, there 
the most abundant circulation will be converged Moreover, 
the solutions of this circulation wull be derived from various 
sources Hence, in the large openings more ore and very fre- 
quently richer ore will be deposited than in the narrower open- 
ings, where the solutions are both less abundant and less com- 
plex. 

(2) Ore-chutes are frequent where the fractures, instead of 
being simple, are complex; that is, where there is a crushed 
zone, or zone of brecciation and mashing. It has been pointed 
out (pp. 88-90) that some ore-deposits are largely due to 
reactions between the solutions and the rocks through which 
they pass. Such an ore-deposit is most likely to be rich at a 
crushed zone, where there is every opportunity for much 
greater interaction between the solutions of the trunk-channels 
and the rocks through which it circulates than wdiere there is 
a single fracture, even if the space furnished by the latter is 
greater than that furnished by the multitude of smaller open- 
ings. (See p. 159.) 

(3) Very frequently the rich chutes of ore are located by 
flexures, the ore being either at the crests of anticlines or at 
the bottoms of synclines. As pointed out (pp. 150-167), this 
is especially likely to be the case where, in connection with the 
folds, there are impervious strata. Under such circumstances, 
as has already been fully explained, ore is likely to be con- 
verged from ascending: solutions in the arches of pervious 



168 SOME PEINCIPLES CONTEOILTO DEPOSITION OP ORBS. 


Strata below impervious strata, and by descending waters in 
troughs of pervious strata above impervious strata. In the 
cases cited, such as those of Australasian and blova Scotian 
gold-ores and the Lake Superior iron-ores, these relations are 
perfectly clear ; but doubtless in many mines there are minor 
flexures which have been overlooked, but which may be suffi- 
cient to control the movement of the circulation, and thus pro- 
duce the chimneys of ore These minor flexures may be par- 
allel with the dip of a deposit, or they may pitch to the right 
or to the left of a deposit as one looks down the dip. 

(4) The intersections of fractures furnish one of the most 
frequent explanations of ore-chutes. The intersections may be 
those of faulted fissures; those of fissures and joints, or the 
intersections of joints. In many instances one set of fractures 
carries the larger ore-deposits, and the intersecting set or sets 
of fractures are known as side fractures. In other instances 
the main deposits may occur in more than one set of fractures, 
and still other sets of less importance constitute the side frac- 
tures. 

In all cases where intersecting fractures occur, there solu- 
tions will he contributed from two or more sources. The solu- 
tions will invariably have different compositions, and, therefore, 
precipitation will be likely to occur at the junctions. In some 
cases more than one set of fractures may furnish metalliferous 
material, while in other cases the metalliferous material may 
be contributed by one set of fractures and the precipitating 
agents by the others In these instances where the intersecting 
veins all carry ore, it is easy to see why the deposits at the inter- 
sections should be unusually large and rich. However, where 
the side veins are small or are wholly filled vith gaiigiie ma- 
terial, their importance in the genesis of ore-deposits has been 
very generally overlooked. In many instances there is little 
doubt that the metallic material has been precipitated in a main 
fissure at or near where the side veins join through the influ- 
ence of the solutions contributed by the latter veins. A very 
clear case of the influence of side veins is that already cited of 
the Enterprise mine, of Hico, Colorado, where the pay-chutes 
are especially rich m the main fissures at the places where bar- 
ren side veins intersect them. Where ore-chutes are found to 
be connected structurally with barren side veins, a considera- 
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tion of the minerals themselves and the minerals in the side 
veins ought to lead to more exact knowledge concerning the 
manner of the precipitation of the metal , for presumably the 
precipitation of the metals was connected with some of the 
compounds which occur as gangue in the side veins 

Side fractures may he at right angles to the main set of 
fractures or incline to them. They may extend directly down 
the dip or pitch to the right or left along the dip. Therefore, 
almost any curious distribution of the rich chutes may occur. 
In some cases a side stream either hearing metals or precipitat- 
ing agents, or both, may not issue equally all along a fault or 
a joint, hut may he largely converged into a single channel or 
strong spring which enters a fissure. In such eases, especially 
if the spring empties where there is a room produced by the 
structural features discussed under (1), bonanzas may be formed, 
such as those^ of the Comstock lode 

While the relative influence of the difierent sets of intersect- 
ing fractures is very complex, in an individual mine a close 
study of the number, order and relations of the fractures and 
joints, many of which are, perhaps, almost imperceptible, may 
furnish rules which will enable one to more intelligently search 
for ore. 

Between the two cases of a trunk-channel produced by flex- 
ure, described under (3), and by cross fracture described under 
(4), there is complete gradation. 

(6) Late orogemc movements explain certain ore-chutes. 
After openings have received a first contribution of ore, and 
are, perhaps, fully cemented by ore and gangue materials, oro- 
genic movements frequently recur, which again fracture the 
ground and produce openings. Some parts of a deposit may 
escape fracture, while other parts may be broken. The fractur- 
ing of the broken parts may be simple or complex. The com- 
plex fracturing may produce zones of parallel fractures, zones 
of intersecting fractures, brecciated zones, or even zones in 
which the material is finely mashed Between the parts of the 
deposit which have no fracturing and those in which the frac- 
turing is of the most complex sort, there may be all gradations. 
The fractures may be confined to a narrow belt of a deposit or 
to one side of it. It may be confined mthin varying limits 
laterally or vertically. All of the above statements in refer- 
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ence to the main deposits apply equally well to intersecting 
sets of deposits , also, entirely new sets of openings maj? be pro- 
duced. Therefore, an ore-deposit which has received a first 
eoiitribution, and again is subjected to orogenic movements, is 
ill such a condition that it may again receive a contribution of 
ore material under the same complex laws as at first. This 
ore material will he distributed in the same irregular maimer 
as that of the first contribution. Therefore, the new material 
will not only be distributed irregularly, but will be superim- 
posed upon the old material, which also had an irregular dis- 
tribution, and thus there will he extraordinary variations lu 
richness. 

(B) Ore-chutes in many cases are explained by the infiucnce 
of the wall rocks. It is well known that where ore-deposits 
intersect a complex set of rocks, that the pay-chutes are likely 
to have a decided preference for one rock rather than the others. 
Bor instance, if a fissure passes from granite to dioritc, or from 
either of these to limestone, or from any of these to sandstone, 
the character and richness of the deposit may vary greatly as 
the rock changes. Bor this variability, due to the character of 
the wall rocks, different explanations apply in different cases. 
(1) In some instances the restriction of the ore-chutes to one 
rock is largely explained by the more ready solubility of that 
rock. This is particularly applicable to the substitution deposits, 
the -wall rock being dissolved pari-pasm with the deposition of 
the ore. By the solution of the soluble rock sufficient room is 
furnished for a large ore-deposit The above is undoubtedly 
the partial explanation in many cases of the preference of 
the ores for limestone rather than to the adjacent more insolu- 
ble rocks. (2) In other instances the preference of the rich and 
large bodies to one wall-rock rather than another is clue to the 
fact that the wall rock itself, by reaction upon the solutions, 
precipitates the ore material. This may also partly explain the 
preference of certain ore-deposits for limestone (3) In still 
other instances the ivall rock itself furnishes solutions contain- 
ing metalliferous material which is precipitated in the trunk- 
channels, or furnishes solutions capable of precipitating metal- 
liferous material in the trunk-channel. 

(C) A third class of ore-chutes are those produced by the 
processes which have been so fully explained in this paper, viz. : 
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tlie seconclaiy eiiricliineiit of a deposit by descending waters, tlie 
first enrichment of which was produced by ascending waters 
By this process rich ore-bodies, either oxidized or sulphuretted, 
or partly each, which are limited in depth by the distance to 
which the descending waters are effective, are formed. 

General . — Of necessity, in this analysis, the various factors 
which may produce ore-chutes have been separately treated. 
However, in a given case it is rare, indeed, to find that the en- 
tire explanation lies in the application of a single one of them. 
To explain an ore-chute of an individual mine, ordinarily a 
number of the above causes need to be combined, and in some 
cases, doubtless, other causes which have not been treated. Ho 
study IS more important economicall}’^, more fascinating, or more 
difficult ill a given district or mine than to ascertain the par- 
ticular combination of factors which produce the ore-chutes 

From the foregoing it is plain that no general statement can 
be made in explanation of ore-chutes. In each individual dis- 
trict, more, in each iiidiiddual mine, still further, in each indi- 
vidual part of a mine, all the phenomena there occurring must 
be closely studied in the light of a correct theory of ore-deposi- 
tioii in order to reach an explanation applicable to the particu- 
lar case. 

It is well known in the districts which are mineralized that 
the workable ore-deposits are ordinarily confined to relatively 
small areas, although, so far as one can see, the amount of 
metalliferous material to furnish ore-deposits may have been 
the same throughout the districts. The explanation of the lack 
of workable ore-deposits for larger parts of the districts ordi- 
narily lies in the lack of the favorable combination of the vari- 
ous special factors mentioned, and doubtless many others which 
have not been considered. As better illustrating my meaning, 
I may again mention the iron-ores and copper-ores of the Lake 
Superior region. The iron-bearing formation has an extensive 
occurrence throughout the Lake Superior region. The work- 
able iron-ores are, however, confined to small areas, in which 
there have been happy combinations of ancient and recent 
metamorphism combined with favorable structural features. 
The Lake Superior copper-deposits equally well illustrate the 
principle. All of the mines now being exploited are confined 
to an exceedingly narrow area on Keweenaw' Point. But the 
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copper-liearing rocks occupy an extensive area about the entire 
Lake Superior basin. Moreover, these copper-bearing rocks 
are mineralized in many places, as is shown by the widely 
disseminated copper. But, unfortunately, in many areas a little 
copper is concentrated in many amygdaloid or sandstone belts 
rather than in a single amygdaloid or sandstone. For instance, 
in certain districts scores of amygdaloid beds lie upon one an- 
other. The scoriaceoiis upper surface of each of these beds 
bears metallic copper, but none of them in sufficient amount so 
that the copper is a workable deposit Had the copper de- 
posited in a number of these amygdaloid formations been con- 
centrated in one of them, a workable ore-deposit would have 
been produced. 

From the foregoing it is clear that an investigation of the 
local factors in a district should include both those which are 
favorable to concentration of ores and those which prevent the 
concentration of ores, for a study of the latter in many districts 
may prevent the expenditure of large sums in exploration where 
the mineralization is general but the conditions are not such as 
to have concentrated the valuable material in sufficient quantity 
at any one position to warrant exploitation. 

A treatise on ore-deposits, including descriptions of indi- 
vidual districts, necessarily deals in each area with the special 
factors which are important in that district These special fac- 
tors may be considered so conspicuous that the entire attention 
is given to them However, it is to he remembered that each 
of these is subordinate to the general principles controlling the 
deposition of ore-deposits in all districts. 

The Classification of Ore-deposits, 

Before giving the classification of ore-deposits which folloivs 
from the foregoing treatment, it may he well to briefiy recall 
the most fundamental features of the water circulation which 
produces the ore-deposits. First comes the action of the down- 
ward-moving, lateral-moving waters of meteoric origin which 
take into solution metalliferous material. These waters are 
converged in trunk-ehannelB, and there wffiile ascending the 
first concentration of ore-deposits may result. After this first 
concentration, many of the ore-deposits which are worked by 
man have undergone a second concentration not less important 
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than the first, as result of descending, lateral-moving waters. In 
other cases a concentration hy descending, lateral-moving waters 
alone is sufficient to explain some ore-deposits It, therefore, 
appears more clearly than heretofore that an adequate view of 
ore-deposits must not he a descending water theory, a lateral- 
secreting water theory, or an ascending water theory alone. 
While an individual ore-deposit may be produced by one of 
these processes, for many ore-deposits a complete theory must he a 
descending, lateral-secreting, ascending, descending, latercd-secreiing 
theory. The descending, lateral-moving, and ascending waters 
are alike driven by gravity Each performs its own work. 

We have now only to bring together in summary the different 
groups and classes of ore-deiiosits which have been considered 
to have a satisfactory genetic classification of ores deposited 
by underground waters. As already noted, ore-deposits may 
be divided into three groups . (A) ores of igneous origin, (B) 
ores which are the direct result of the processes of sedimen- 
tation, and (0) ores which are deposited by underground 
water. 

Since the ores produced by igneous agencies and those pro- 
duced by processes of sedimentation have not been considered 
in this paper, a subdivision of these groups will not be 
attempted. 

Ores resulting from the work of groundwater, group (C) 
above, may be divided into three main classes ; 

(a) Ores which at the point of preciiiitation are deposited by 
ascending waters alone. These ores are usually metallic, or 
some form of sulphuret ; but they may be tellurides, silicates 
or carbonates. 

(b) Ores which at the place of precipitation are deposited by 
descending waters alone. These ores are ordinarily oxides, 
carbonates, chlorides, etc. 

(c) Ores which receive a first concentration by ascending 
waters and a second concentration by descending waters. The 
concentration by ascending waters may wholly precede the 
concentration by descending waters, but often the two iiro- 
cesses are at least partly contemporaneous The materials of 
class (c) comprise oxides, carbonates and chlorides above the 
level of groundwater, and rich and poor sulphurets, tellurides, 
metallic ores, etc., below the level of groundwater. At or 
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near the level of groundwater these two kinds of products 
will be more or less intermingled, and there will frequently he 
a transition belt of considerable breadth. 

How extensive are the deposits of class (a) I shall not attempt 
to state. Indeed, I have not such familiarity with ore-deposits 
as to entitle me to an opinion upon this point However, a 
considerable number of imj)ortant ore-deposits belong to this 
class. This class is illustrated by the Lake Superior copper- 
deposits. 

The ore-deposits of class (b) are important Of the various 
ores here belonging, probably the iron-ores are of the most 
consequence. A conspicuous example of deposits of this kind 
are the iron-ores of the Lake Superior region 

It is believed that the ore-deposits of class (c) are by far the 
most numerous I suspect that a close study of ore-deposits in 
reference to their origin will result in the conclusion that the 
great majority of ores formed by underground water are not 
the deposits of ascending waters alone, but have by this process 
undergone a first concentration, and that descending waters 
have produced a second concentration, as a result of which 
there is placed in the upper 60 to 600 or piossibly even 1000 
meters of an ore-deposit a large portion of the metalliferous 
material w^hich originally had, as a result of the first con- 
centration, a much wider vertical distribution. 

To the foregoing classification objections will at once occur 
It will be said that there are no sharp dividing lines between 
the groups and classes. To this objection there is instant 
agreement. Transitions are everywhere the law of nature. 
In another place* I have explained that there are gradations 
between different classes of rocks, and this statement applies 
equally well to ore-deposits, I even hold that there are grada- 
tions between ore-deposits which may be e5qilained wholly by 
igneous agencies, and those which may he explained wholly by 
the work of underground water, or by processes of sedimenta- 
tion. Ore-deposits which have received a first concentration 
by igneous agencies or by processes of sedimentation arc sure 
to be reacted upon by the circulating underground waters, and 
thus a second, or even a third concentration may take place. 

■>" “ The Naming of Rocks,” by C B Van Base, Jown of Qeol , vol vii , 1899, 
pp 687-688 
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The first concentration hy igneous or sedimeiitarj processes may 
be the more important or dominant process, or the additional 
concentration or concentrations by uiidergroimd waters may be 
the more important or dominant processes In some cases, 
therefore, the ores may be referred to as produced by igneous 
agencies, in others as produced by processes of sedimentation, 
in others as produced by these in conjunction with underground 
waters, and in still others as produced mainly by underground 
waters. Moreover, there will be found to be undoubted grada- 
tions between the different classes of deposits formed by under- 
ground waters Ore-deposits which are precipitated almost 
solely by ascending waters will grade into those in which de- 
scending waters have produced an important effect, and thus 
there will be transition between classes (a) and (c) Similarly 
there will be every gradation between classes (a) and (b), and 
between classes (b) and (c). If this be so it will not infre- 
quently happen that a single fissure may fall partly in one 
class and partly in another. Thus, a single ore-deposit may be- 
long partly in class (a) and partly in class (c) However, in 
most cases a deposit will primarily belong to one of the three 
classes. Indeed, not only are there gradations between different 
varieties of the ore-deposits among themselves, but there are 
gradations between the ore-deposits and the rocks, for the ore- 
deposits, ill many cases, are not sharply separated from the 
country-rocks, but grade into them in various ways. 

Ill answer to the above objection concerning gradations, it 
may be said that I know of no classification of ore-deposits 
which has yet been proposed to which the same objection may 
not be urged with equal or greater force. 

However, this retort does not give any criterion by which the 
usefulness of the above classification may be tested. The test 
IS, does this classification give us a more satisfactory method of 
studying ore-deposits than has heretofore been possible"? Will 
an attempt to apply this classification assist mining engineers 
and geologists in accurately describing ore-deposits "? Will tlie 
classification, to a greater extent than any previous one, give 
engineers rules to guide them in their expenditure in explora- 
tion and exploitation"? By these criteria I am willing that 
the classification shall be tested. 

As an illustration of the practical usefulness of the classifica- 
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tion, is tlie connection between genesis and deptli. Where the 
ores are deposited by ascending waters alone it has been pointed 
out that this is favorable to their continuity to great depth. 
Therefore, where a given ore-dej)Osit has been shown to belong 
to this class, the expenditure of money for deep exploration is 
warranted. Where a deposit is produced by descending waters 
alone, the probable extent in depth is much more limited. In 
such cases, when the bottom of the oxidized product is reached, 
it would be the height of folly to expend money in deep ex- 
ploration. Where the ore-deposit belongs to the third class, 
that produced by ascending and descending waters combined, 
there will again be a richer upper belt which we cannot hope 
will he duplicated at depth. However, this class of deposits 
may grade into first class, and after the transition the deposit 
may be rich enough to warrant exploitation at depth ; but if 
such work he uuclertaken it must be done with the understand- 
ing that the rich upper products peculiar to the belt of weather- 
ing will not be reduplicated at depth. It, therefore, appears to 
me that the determination to which of the classes of ore-de- 
posits produced by underground waters a given deposit belongs 
has a direct practical bearing upon its exploration and exploita- 
tion. 

It is my hope that mining engineers and geologists will 
study ore-deposits in various regions in reference to the prin- 
ciples discussed in this paper. It appears to me that he who 
does this will be capable of interpreting better than before the 
phenomena which he finds in the ore-body or bodies with which 
he IS particularly concerned. Of course, it is fully understood 
that few ore-deposits will illustrate all of the principles above 
given. It is appreciated that for a eertahi ore-deposit some 
few of the p>rmciples given on the foregoing pages may be the 
dominating ones, and that others are unimportant. But this is 
precisely what I should expect. 

In addition to the points specially emphasized in this paper, 
accurate descriptions should he made of the relations of the 
different minerals of ore-deposits; of the occurrence of each 
mineral with reference to the wall-rocks; and their variations 
in composition, relations and richness at various depths, reckon- 
ing both above and below the level of groundwater. More- 
over, such a study should include close observation of the 
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gaiigue-minerals in their relations to one another and to the 
valuable minerals , for in many instances they may give impor- 
tant testimony as to the origin of the ore-deposit. In this 
paper, the gangne-minerals have been altogether ignored 
Furthermore, a study should be made of the changes of country- 
rocks and 'wall-rocks "When a comprehensive study of various 
ore-bearing districts has been made, including all of these fac- 
tors, and the special factors discussed on pp 138-166, it is be- 
lieved that a more satisfactory treatise upon ore-deposits may 
be written than has yet appeared 

Such a study of ore-deposits must be a difficult one, involving 
as it does, a working knowledge of petrography, of mineralogy, 
and of modern physical chemistry. Undoubtedly, the story of 
many ore-deposits will be found to be exceedingly complex, and 
not to come fully within the scope of the principles discussed 
111 this paper. So far as any ore-deposit fails to do this, it will 
give us data upon which to state a more nearly complete theory 
of ore-deposits than that here proposed. 


The Secondary Enrichment of Ore-Deposits.* 

BY S P EMMONS, WASHINGTON, D 0 
(Washington Meeting, Pehruary, 1900 ) 

It was said by many who discussed Professor Posepny’s 
admirable paper on the “ Genesis of Ore-Beposits,” read at the 
Chicago meeting of the Listitute, in 1893, that its most valu- 
able feature was the clear distinction which it drew between 
the influence upon ore-deposits of the “ vadose ” circulation of 
waters descending directly from the surface, and that of the deep 
underground circulation of waters generally coming from the 
depths, and assumed by the author to be ascending through 
more or less open spaces under the influence of heat. A little 
later the effect of the oxidizing action of the vadose circulation 
upon ore-deposits was ably and exhaustively treated by Prof. 
R. A. P. Penrose, in a paper on “ The Superficial Alteration of 


* Published by peimission of the Director of the U S Geological Survey 
VOL. XXX.— 12 
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Ore-Deposits — ^the only one, so far as I knovf^, wliicli has 
been exclasively devoted to this important subject. 

My own first detailed study of ore-deposits w^as made at 
Leadville, in 1880, at a time when almost the only minerals 
visible in those deposits were in oxidized forms. That this 
form was the result of the alteration of earlier sulphides by 
surface-waters had to be proved at the time by induction or 
analogy, the general correctness of which was, however, abund- 
antly confirmed by subsequent developments Thus I was 
early impressed with the importance of distinguishing, in the 
study of an ore-deposit, the alteration-products, resulting from 
the action of oxidizing waters descending from the present 
surface, from the earlier-formed sulphides ; and, assuming that 
the latter were primary or original, I called the former sec- 
ondary. I also went so far as to sayf with regard to oxidized 
ores passing into sulphides in depth 

So generally is tins accepted as a lule in ore-deposits tliat it would lequire 
special demonstration to prove beyond a doubt that the native metals oi then 
oxides and chlorides (except perhaps gold, tin, and the platinum group of metals) 
are, in any paiticular case, original, and not the result of secondary alteration 
fiom sulphides ” 

Admitting fully the general truth of the statement that the 
descending surface-waters exert an oxidizing action, and hence 
that oxidation-products within the reach of surface-waters are 
the result of alteration by the latter, I have been led to believe, 
by observations now extending over a considerable number of 
years, that, under favorable conditions, the oxidation-products 
may be changed hack again into sulphides and redeposited as 
such, thus producing what may be called a sulphide-enrich- 
ment of the original deposits. Penrose, perhaps, admits this 
when he says that “ the action of surface influences is, in rare 
cases, one of reduction, which, however, often follows a pre- 
vious oxidation;” hut he gives no instances, and apparently 
has in mind only those cases in which oxides are reduced to 
sulphides in the presence of orgamc matter. Posepny, on the 
other hand, strong m the conviction of the correctness of his 
theoretical views, does not recognize any exceptions to the 
general rule. "With him, apparently, the fact that a deposit 

* Jour Geol , vol ii , April-May, 1894, pp 288-317 

f U. S Geol Sur , Mon. xii , p 562 
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consists of snlphides is sufficient proof tiiat it lias been made 
by tbe ascending currents of a deep underground circulation, 
and cannot have been made by vadose or descending' waters. 
Being rather a searcher after facts than a theorist, I am not 
deterred from accepting what may appear to me the correct 
reading of observed facts because it seems to contradict gener- 
ally accepted theories 

In geological observation, however, especially underground, 
where the field is often very limited, it is not always possible 
to be certain of the correctness of one’s interpretation of a given 
phenomenon, especially when one is confined to a single dis- 
trict or group of mines. Another observer might construe the 
evidence otherwise. It is only by multiplying observations in 
different and widely separated localities, and by finding in all 
the same sequence of phenomena, to which the same interpreta- 
tion applies, that one arrives in time at what may be considered, 
from a geological standpoint, a reasonably certain conclusion. 

In the present case, I could have wished to multiply my 
observations much further, and to obtain more light upon the 
probable chemical processes involved than I have as yet been 
able to find in chemical literature, before committing myself 
to a public statement with regard to them. I have hoped, 
moreover, to have some experimental chemical work carried 
on upon lines suggested by my observations in the laboratory 
of the U. S. G-eological Survey; but the limited force and 
space available for such work have rendered it thus far imprac- 
ticable 

I find, however, among many mining engineers an increas- 
ing conviction that the rich concentrations found in many de- 
posits of both copper- and silver-ores, are the results of secondary 
enrichment. Moreover, Mr. Walter H. Weed, who was asso- 
ciated with me in the geological study of the Butte region in 
1896, and, during the summer of 1899, in underground work 
there, submitted at the recent meeting of the Geological Society 
of America, an article on the “ Enrichment of Mineral T eins 
by Later Metallic Sulphides,”* which contains much that I had 
intended to write on the subject. Hence, I feel it necessary, 
in self-defense, to publish something in the nature of a caveat, 


Bull. Geol Soc, Am . , vol xi., 1900, pp 179-206 



180 THE SECONDARY ENRICHMENT OE ORE-DEPOSITS 

to sliow that my attention has been directed to this subject for 
some time past, even though the evidence for the conclusions 
I have reached is not yet as complete as I could wish. 

Premises of Belief 

To avoid misunderstanding it may he well to state, at the out- 
set, the premises of my belief. In the first place, I eliminate 
from this discussion the ore-deposits formed exclusively by 
magmatic differentiation, and first brought into prominence by 
the Scandinavian geologist Vogt — not that I deny the import- 
ance of this mode of ore-concentration as a possible first cause, 
but because, in my 20 years’ study of ore-deposits, I have not 
yet had an opportunity, as I have elsewhere stated,* of seeing 
any which were not due, in the condition in which they now 
exist, “ to further concentration, perhaps many times repeated.” 
Hence, I assume that the majority of ore-deposits, as at 
present found, owe their existence to the agency of circulating 
waters ; and it is of these only that I speak in this paper. 

emulating Waters of Surface- Origin , — I am inclined to limit 
my subject further by excludmg those water-formed deposits, 
which, according to the theory of some French geologists, have 
been deposits from solution in waters originating or occluded 
in Igneous magmas, or, as the Scandinavian geologists express 
it, by pneumatolysis, since such waters cannot have formed an 
essential part of the circulation, properly speaking. 

I have found no reason to change essentially my early belief 
that the waters which have been the principal agents in form- 
ing ore-deposits came originally from the surface As I then 
expressed it :t 

“■ Tbexe are, therefore, both upward and downward currents , it being gen- 
erally assumed that the latter are surface-waters sinking under the influence of 
gravity, and the former, the same waters rising under that of the internal heat of 
the earth ” 

Rickard uses a very suggestive, though homely metaphor, 
to illustrate the manner of this circulation, when he says .j; 

“We may compare the circulation of water up and down through the eaith’s 
rocky exterior, to that of the ordinary heater in a house The watei circulates, 


* Tram., xxiii , 599 
\ TJ S Geol Sur , Mon. xii., p. 570. 


% Ti ans , xxiv , 950. 



THE SECOHDAET ENRICHMENT OP ORE-DEPOSITS. 181 

because, -wliea hot, it rises thiough the length of pipe, and, when cool, it falls 
back to be reheated ” 

It IS tlie difference of temperature produced by internal beat 
tbat causes the water to rise, though gravity is still the impel- 
ling force, since the colder surface-water is descending to take 
the place of that which rises. Only occluded water could find 
its motive power, independently of gravity, in the rock-mass 
in which it originated 

Groimdioater-L&Del — ^Posepny, as I have already remarked, 
has strongly emphasized the distinction between the vadose or 
descending circulation and the profound or ascending circula- 
tion, the separating line between which is called the ground- 
water-level Lest my statement that he did not recognize the 
formation of sulphides by the vadose circulation may be 
deemed too sweeping, I will quote (not finding a direct decla- 
ration on tins point from him) Dr Raymond’s exposition of his 
meaning. *** 

“2 Concerning tlie condition (tlie vadose cuculation above gioundw^tei- 
level) wbicb is most open to oui obseivation, we know a great deal We know, 
for instance, fiom an overwhelming number of observations, tbat the solutions of 
the vadose ciiculation aie oxidizing, and that (apait fiom the, probably rare, 
ref 01 matron of sulphides by the action of organic matter) they do not precipitate 
sulphides, but, on the contrary, attack and decompose them ’ ’ 

It IS evident from Posepny’s remarks on different deposits 
{e g , those of Wiesloch, in Badenf), that this is a correct presen- 
tation of his views. "Willie this distinction of Posepny has been 
very useful, undoubtedly giving to many students a clearer con- 
ception of the relative influence of waters descending from the 
surface, and those arising from the depths, I believe that in this, 
as ill most geological generalizations, the lines should not he 
drawn too strictly, but must be susceptible to considerable modi- 
fication under varying conditions Inasmuch as both ascending 
and descending currents are part of the same general circulation, 
there must also he a vast amount of nearly horizontal or lateral 
movement. Moreover, in our western mountain-regions the 
gronndwater-level is not, so far as my experience goes, the 
definite horizon predicated by Posepny, which hears a compara- 
tively nnifonn relation to the existing surface ; nor is the oxi- 
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dizing influence of surface-waters always strictly confined to 
tlie region above it. 

Very early in my studies of ore-deposits, in writing on a 
typical instance of tlie secondary alteration of ore-deposits, I 
defined tlie groundwater-level thus * 

‘'The peimanent water-level at any point beneath the earth’s ciust, and within 
the jange of human obseivation, is evidently that level to which water will rise 
by the filling of a hydiostatic basin (which may consist of any system of channels 
permitting its leady circulation, such as joints, fissures, bedding-planes or poious 
rocks) up to the point of its overflow, or where it would diain out eitliei to the 
surface oi into another hydiostatic basin The watei filling such basins is orig- 
inally supplied from the surface, hut aftei a comparatively long passage through 
the rocks, during which its oxidizing agencies, such as air, oigamc acids, etc , 
may he supposed to have become neutralized, or to have exhausted their powei 
upon the rocks through which they have passed The water or moisture which 
furnishes the active agencies of secondary decomposition of ore-bodies must, on 
the other hand, come to them diiectly from the surface, and not be neutralized by 
a long passage thiough rock-material, or by mingling with a large body of already 
neutralized water, such as that which exists below the water-level This seems to 
me to he the explanation of the fact that surface-waters act as oxidizing agents 
above water-level, and as a protection against such action below the water-level ” 

Since then, I have observed many instances in whicli the 
zone of oxidation, as defined by the water-level, is not a gen- 
erally even surface, more or less conformable to the surface of 
the ground The most striking that I recall now, is in the 
Tintic district of Utah, where, in the deposits in the limestones, 
the limit of oxidation had not been reached at 1600 ft below 
the surface, while, in veins in the igneous rocks, scarce half 
a mile away, the groiiudwater-level and zone of unaltered 
sulphides were met within 200 to 300 ft. of the surface. 

Deposition of Oxides beloio Water-Level . — incliell calls atten- 
tion to a striking instance of oxidizing action extending below 
the gromidwater-level when in his discussionf of Posepny’s 
paper he speaks of the Lake Superior iron-ore deposits • 

" The ore-lenses lie in basins of greenstone schists or other rocks, and occur at 
various depths to at least 2000 feet At the lower edges of some of these 
lenses aie found deposits of silica, kaolin, etc , which have plainly been removed 
from the ore-body above in process of concentration This is much below the 
vadose circulation, as the immense pumping-engines and the rivers of watei which 
they throw the year round testify , hut it is an instance of the formation of ore- 
deposits on the largest scale by descending waters ” 


P )06 Goh Sa. Soc.) vol ii , Part II , p 102 1886. 

t Ti ans , xxiv , 969 



THE SECONDARY ENRICHMENT OE ORB-DEPOSITS. 183 

In my own experience, I have met many instances of oxidiz- 
ing action below the groundwater-level, but nothing on the 
scale of these Lake Superior deposits. They were generally 
very local in their development, and I have been accustomed 
to look, with more or less success, for their cause in a recently 
formed water-channel down which the surface-waters were able 
to descend freely and with relative rapidity 

It IS not, however, the oxidizing action of surface-water that 
IS in qLuestion here, though that process is highly interesting, 
and has had great influence upon the relative richness of ore- 
bodies. Moreover, notwithstanding our pretty clear compre- 
hension of it, many new data might be cited concerning it. 
But the question under discussion is, to what extent sulphides 
may be deposited from descending surface-waters, and under 
what conditions. 

Deposition of Sulphides . — Prior to my studies at Butte in 
1896, 1 am free to confess, I had not given much thought to 
the possible deposition of sulphides from surface-waters. The 
fact that, in the presence of organic matter, oxides may be 
reduced to sulphides was of course well known ; and the few 
instances of the formation of xiyrite in this manner that came 
under my observation, were noted as curiosities rather than as 
matters of economic importance. The sulphides that I found 
within the oxidized zone and distinctly above the groundwater- 
level (mostly small masses of galena and pyrite, but in some 
cases very considerable bodies of the latter) were generally 
explainable as material so dense that oxidizing waters had not 
yet penetrated into the interior of the mass, and were, to my 
mind, simply an additional proof that the groundwater-level 
was not an absolute line of division between oxides and sul- 
phides, but that under favorable physical conditions the latter 
might exist above it, as the former could extend below it. 
There were, it is true, occasional occurrences that could not be 
explained on the ground of imperfect oxidation through physi- 
cal obstacles , and these were stored in my memory, until suf- 
ficient evidence should have accumulated to indicate some 
general explanation. Of such was the observation made during 
my Leadville work,’’' that, in the kernels of partially altered 
galena surrounded by a crust of cerussite, which were found in 
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the oxidized zone, the galeua was abnormally rich in silver, 
containing more than five times as much as did the cerussite 
resulting from its alteration, the tenor of silver in which was 
nearer to the normal or average proportion 

In the same way, according to Blow,* “ the small seams found 
penetrating the limestone at the bottom of the ore-body are 
often formed of galena-ore, and are always richer than the lead- 
sand and cerussite-ore above ” In these cases it is evident 
that the action of the surface-waters has been to concentrate the 
silver in the siilphide-ore, not in the oxidized product 

Again, the oxidized ores observable at the time of my study 
of the Leadville deposits carried abundant iron, lead and silver, 
but scarcely a trace of zinc , yet it was assumed, and soon found 
to be the fact, that the sulphide-ores consisted of mixtures of 
pyrite, galena and zinc-blende, the latter in fairly equal amount 
The far greater solubility of the zinc-salts, over those of lead, 
would account for the latter’s remaining to a great extent in their 
original position ; but the ciuestion was, what had become of the 
zinc ? Mining in the sulphide-bodies in later years has shown 
that, immediately below the zone of oxidation, the bodies of 
mixed sulphides are far richer m ziiic-blende than the average 
of those enormous bodies mined at greater depths Blow, as 
a result of his nine years’ work in the ore-bodies of Iron Hill, 
draws the following conclusion from these facts f 

“ It seems probable that a large proportion of tbe zinc, wbicli was totally re- 
moved from tire carbonate ores, Iras been redeposrted as a sulphide, and princi- 
pally ]nst below tbe line of complete osidation, by snrface-waters, and sucli lede- 
position bas advanced and increased pan passic with tbe limit and extent of sucb 
oxidizing action ” 

There are many other instances in which suggestive remarks 
have been made upon the prohahle deposition of sulphides by 
descending surface-waters, as will be shown later Most per- 
tinent at the present moment is that made hy oiir President, 
Dr. James Douglas, in 1890,1 wuth regard to the Butte cop- 
per-mines. In speaking of the vertical distribution of the 
various kinds of ore, he says 

‘ ‘ It seems as if the copper, leacbed out of the foui hundred feet of depleted 
vein, had been concentiated in the underlying ore, and had thus pioduced a zone 
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of secondaiy oie about two bundled feet deep, which contains, as might be ex- 
pected, about thiice its normal copper contents ” 

Sucli suggestions as these are useful, however, rather as 
confirmatory data, and hardly form a sufficient basis on which 
to found any definite generalization or theory. For this, one 
needs to have the results of a systematic study of an important 
district, based on accurate and detailed maps, on which the 
underground observations are worked out with the aid of care- 
ful microscopic and chemical examinations of the material 
gathered 

Instances op Secondary Enrichment 

It was during the study, in 1896, of the Butte district, and 
especially of its copper-bearing veins, that such definite evi- 
dence of the secondary enrichment of sulphides on a consider- 
able scale was first obtained by me 

Conditions at Butte . — The following is a brief statement of the 
conditions which presented themselves as a result of these 
studies at Butte. There is evidence in this district of several 
successive rock-fracturing movements In regard to the earlier 
movements winch iiroduced the primary sulphide-deposition 
it is not always possible to differentiate clearly one from the 
other 111 point of time. It is, however, possible to distinguish 
another set of fractures, which I have called secondary'** or 
post-mineral fractures, because they are distinctly later than 
the original deposition of sulphides, since the fissures contain 
within them dragged-in and more or less rounded fragments 
of these sulphides together with q^uartz and country-rock. 

There are two sets of secondary fractures or faults first, 
those which run east and west, and are generally parallel to 
and more or less coincident with the original east and west 
vein-systems, which I have called “ strike faults and, second. 

My use of the woid “ secondarj’'” in this connection has been ciiticised as 
liable to misconstruction, because it has hitheito been used to designate the alteia- 
tion by suiface-waters, and applied exclusively to oxidized forms of mineral-de- 
position It IS fiiithei said that one has no light to assume that only one fiac- 
tunng and oi e-deposition has preceded those thus designated ‘ ‘ secondary ’ ’ While 
admitting the force of these criticisms, I have been unable to find anothei satis- 
factoiy word, because I am not yet sure m my own mind that all tlie successive 
piocesses that have taken place m these deposits aie known, and having com- 
mitted myself to the use of this word in piml, think it best to continue it until 
our knowledge is moie complete. 
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the transverse fractures or cross-faults which strike between 
northwest and northeast, and have, as a rule, a shallower dip 
than the east and west fractures The second class have caused 
an evident displacement of the veins, sometimes amounting to 
several hundred feet. Whether the first have been accom- 
panied by any considerable movement of displacement cannot 
be determined on account of their parallelism to the veins 
ISTo definite proof has yet been found to determine whether the 
two systems of fractures were formed contemporaneously or 
not , my general impression has been that the shattering of 
the country was produced by successive dynamic shocks of 
increasing intensity, which first formed fractures along the 
lines of the existing vein-systems, with slight movements of 
displacement and consequent shattering and grinding of the 
material traversed, and finally resulted in a cross-fracturing 
accompanied by a certain amount of lateral displacement of 
veins. The strike-fractures or faults, which, in the nature of 
things, are the most open to observation, being constantly ex- 
posed by the mine drifts, vary in size from thin clay-selvages 
to broad breccia-zones up to 15 or 20 feet thick, but are most 
commonly seams a few inches thick carrying small rolled 
fragments of granite, quartz and ore in a soft, wet kaolin-mud. 
They are found in foot- or hanging-wall, or within the vein 
itself, often several to a given cross-section, and extend in depth 
as far as the explorations have yet reached Except in the ease 
of a few breccia-zones within an original vein-system they do 
not ordinarily carry pay-ore. 

The cross-fractures or faults have been quite extensively de- 
veloped since our field-work was completed as the result of the 
many law-suits that have sprung up in the district, and have 
been carefully studied by the many experts engaged in investi- 
gating the geological conditions bearing upon the different 
questions in dispute. In some cases they are known only as 
planes of movement cutting off the veins ; in others, they have 
been found to contain so much dragged-m ore from the various 
veins they cross, as to constitute valuable ore-bodies. In the 
opinion of some of the experts, they also contain considerable 
newly-deposited ore in the sulphide form This, I have not yet 
had an opportunity of verifying from personal observation. 

Paragenetical study of the ore-deposits shows that the earli- 
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est-formecl minerals are quartz, pyrite, chaleopyrite and enar- 
gite. Enargite is in some cases later tlian ehalcopyrite. Veins 
composed mainly of enargite have been found cutting the sil- 
iceous pyntic veins. The richer sulpihides, hornite, chalcocite 
and covellite, which, with enargite, constitute the most valuable 
ores of the middle levels of most of the mines, are of later 
origin, their .order of deposition being, as far as microscopic 
observations enabled us to determine, that in which they are 
named. Little opportunity was had of studying the oxides and 
carbonates of copper which are characteristic of the zone of 
oxidation, and would normally be considered of an entirely 
later formation 

The prominent characteristics of the Butte copper-lodes are, 
first, an upper oxidized zone extending down from 200 to 400 
feet from the surface which contains less than 1 per cent, of 
copper on the average, the value being principally in silver. 
It IS a mass of crumbly, honeycombed quartz, singularly free 
from metallic oxides when one considers the great mass of the 
original sulphides found in the veins in depth. Second, below 
this IS a rather ill-defined zone characterized by great values in 
the rich copper sulphides, borhite and chalcocite or copper- 
glance, associated with pyrite and ehalcopyrite The propor- 
tion of these rich sulphides gradually decreases with depths 
until in some mines the ores consist only of pynte with a slight 
admixture of ehalcopyrite. Enormous amounts of copper-glance 
were found in many of the mines , generally in the upper levels 
of the sulphide zone Sometimes they constituted solid masses 
fifteen feet or more in thickness, in which, however, close ex- 
amination showed a sprinkling of ehalcopyrite or pynte in 
minute, irregular, and often pitted grains throughout the mass 
of the glance ; not infrequently the cleavage faces are coated 
with very thin films of native-silver. 

The fact that struck me most forcibly with regard to the rich 
bodies of glance, was that one or more secondary fractures are 
invariably found in their immediate neighborhood, though not 
necessarily in direct contact with them. In a few instances, at 
depths of a thousand feet or more, considerable bodies of the 
richer sulphides were found within a breccia zone. The largest 
masses of the comparatively rare mineral, covellite, were found 
on the 1100-foot level of the East G-ray Rock mine lying m a 
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mass of breccia, witli a kaolmized clay matrix so soft that it 
would run when opened. In the comparatively solid veins, 
however, glance is generally found as a streak a few inches to 
a foot or more in width, grading off into siliceous |)yiTtous ore, 
with a thin secondary seam near it, sometimes in foot- or hang- 
ing-wall, more often in the vein-material itself. This is rather 
a bald statement of the leading facts which led me to the coii- 
elnsion that there is a genetic connection between the second- 
ary fractures and the rich copper sulphides ; a conclusion that 
is conffrnied, so far as I know, by all geologists who have had 
opportunities of studying these veins It is generahy agreed 
that most of these sulphides are enrichments of the earlier 
vein-deposits by solutions that followed the water-channels af- 
forded by some of the secondary fractures. 

The next question that presents itself is, whether this enncli- 
ment was produced by vadose, or by deep underground-waters; 
in other words, from waters that have been descending through 
the oxidized portions of the lode, or from a new set of ascend- 
ing currents acting since the secondary fractures were formed. 
Although, at the time of the publication of the Tntte Folio, 
there were many facts that pointed to the former conclusion, I 
hesitated to give a decided opinion on the question; first, be- 
cause of the unfavorable influence it might have on mining in 
general, and copper mining in particular, especially in this im- 
portant district (for some might be led at once to adopt the 
conclusion that the rich sulphides would not be found m depth 
beyond the reach of such descending currents); and m the 
second place, I wished to accumulate more knowledge myself 
before propounding a theory so distinctly opposed to that gen- 
erally received 

The deposits of Butte are exceptional, so far as my expe- 
rience goes, in the depth to which the richer copper sulphides 
have been found to extend, for, tiiough not forming the large 
bodies they did at 200 to 400 feet below the water-level, they 
are still found here and there at 1500 feet or more below this 
level, though in apparently decreasing amount as compared 
with the immense thickness of pyntous ore. 

It should he noted in this connection, however, that there is 
evidence that the groundwater-level was once very much 
lower than it is at the present day It is proved quite con- 
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clusively by Mr. WeecVs surface studies of the region that the 
granite hills to the east of Butte, known as “ East Ridge,” and 
which rise abruptly about 2000 feet above Meaderville in the 
valley of Silver Bow creek, owe their present elevation to a 
north and south faulting along their steep western face. The 
evidence of faulting and consequent relative change of level be- 
tween the area in which the mines occur and the adjoining 
East Ridge is mainly derived from the physiography of the 
region beyond the latter to the eastward, but it is confirmed 
by the discovery, through mine-shafts, that the actual rock- 
bottom of the Meaderville portion of Silver Bow valley slopes 
downward nearly to the foot of the steep western slope of the 
ridge, reaching a depth of 300 to 400 feet below the surface of 
the present valley opposite Meaderville, and probably a still 
greater depth further south. This old depression, which seems 
independent of present drainage-systems, is now filled up by 
talus from the East ridge. Its rock-surface was once probably 
higher than the eastern face of the East ridge, and formed a 
continuous slope with it, although the actual date and the 
amount of the displacement caused by the faulting cannot be 
accurately determined. It must have occurred in compara- 
tively recent time, geologically speaking, and have caused a 
raising of the water-level in the depressed region, or area, of 
the present mines, of as much as 1000 or 2000 feet This fact 
IS mentioned to show, that, even if the objection generally pre- 
sented to the possibility of the descent of oxide-bearing waters 
below the groundwater-level be admitted to be valid, it would 
not necessarily prove that the sulphides, at present below that 
level, could not have been enriched by descending waters, since 
before the faulting they may have been above it. 

Since my first examination of Butte, I have had opportumties 
of seeing most of the important copper-deposits of the West, 
and my associate, Mr. Weed, has visited many in the Appa- 
lachian region ; I have also examined the literature of the sub- 
ject for facts bearing upon the question under consideration. 
Although no case has come under my notice in which the de- 
velopment of secondary sulphides has been comparable, either in 
extent or in amount, with that of Butte, a brief mention of the 
prominent facts is made as confirmatory evidence. 

Western Copper-Deposits — ^In the first place, it should be 



190 THE SECONDARY ENRICHMENT OE ORE-DEPOSITS. 

stated that the occurrence of a belt of rich sulphides immedi- 
ately below the water-level is by no means universal. It is not 
found, as far as I Imow, in the massive pyrrhotite-deposits of 
Canada, in which one passes directly from a relatively thin 
gossan into unaltered copper-bearing pyritous ore. The most 
obvious explanation of their absence there would at first appear 
to be the cold climate and the comparatively recent planing off 
of the surface by the continental lee-sheet I should be in- 
clined to consider the dense charcter of the material of the de- 
posits, and the possible absence of recent fractures, which would 
have admitted an easy access of surface waters, as equal, or 
possibly more important factors 

In the arid climate of Arizona and Kew Mexico, on the 
other hand, and still more in Old Mexico, it is often difficult to 
find the zone of unaltered sulphides, so deep has the oxidizing 
action penetrated. A recent note on the mines near Mapinii 
in the State of Durango states that this zone had not been 
reached at a depth of 2600 feet * 

Wendt, in his review of the copper-deposits of Arizona and 
Hew Mexico, t makes some very suggestive remarks as to the 
chemistry of the deposits, though he does not always seem to 
appreciate to their full extent their geological hearing. He 
notes, as a general fact, that the ores in limestone are mainly 
carbonates and oxides, while, in the comparatively acid erupt- 
ive-rocks at corresponding levels, they are more likely to be 
sulphides. In several cases he suggests the probability of sec- 
ondary migrations For instance, with regard to the limestone- 
deposits of the Bisbee district, he says 't 

“Contrary to tRe generally accepted theory of the occurrence of oxidized cop- 
per-oies, the writer has doubts whethei the ores of this district, as far as known, 
have ever been sulphurets m their present position The whole deposition tends 
to prove that the ores are not a secondary decomposition oi alteration of what was 
formerly sulphurets, but have been precipitated as caibonates from an acid-solu- 
tiou which earned them from the depths below ’ ’ 

In speaking of vertical lead-hearing veins m the limestone at 
a higher horizon than the copper-deposits, he says § 

“In depth the lead-carbonates have invaiiahly given out, and what ore is found 

^ H Van. F Furman, P?oc Colo Sci Soc , Jan., 1900. 
t Trans , xv., 25 t Op oit , 55. | Op at , 59, 
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in depfh in these vertical fissures is coppei-ore It is probable that these veins are 
spurs of the great bed-veins opened in the Queen, Prince and othei mines ” 

Of the veins in porphyry in the same district, he says 

“The oxidized coppei-ore, as usual in siliceous rocks, changed into copper- 
glance but little below the outcrop At an inconsiderable depth it became veiy 
much impoverished and pinched In fact, heie as elsewhere, the coppei-glance 
appears to be not a tine oie at all, but a product of decomposition and of secondary 
origin derived fiom the leaching of the vein above and subsequent concentiation 
at a lower point To those conversant with the beautiful process of kernel roast- 
ing, the presence of a zone of copper-glance presents a similar phenomenon on the 
gland scale of nature’s woik The oxidation of pyritous croppings is but a roast- 
ing earned out duimg ages by the combined action of air and moisture ” 

In his recent paper on the Copper Queen mine,f Dr James 
Douglas gives it as his opinion that the deposits m limestone 
were “ originally more or less compact iron pyrites carrying a 
small percentage of copper/’ and that during the progress of 
alteration “ the copper by a process of segregation, akin to 
crystallization, was concentrated and collected into areas of 
limited size, thus constituting the comparatively small bodies 
of oxidized ores which are disseminated irregularly through 
the very large masses of ledge-matter.” More pertinent to 
the question under discussion, however, is his description of 
the great mass of compact pyrites extending from the 200 to 
the 400-foot level on which “ a string of stopes, nearly 600 
feet ill length, has been opened,” which is decomposed on 
the exterior and surrounded by a zone of altered limestone and 
of aluminous matter, generally barren of copper. “ Roughly 
speaking,” he says, “ the mass is enveloped in a shell of 
oxysulphide, and streaks of similar black copper-ore of good 
grade intersect it ; but the core consists of compact bisulphide 
of iron very lean in copper.” Oxidized ores extend to a con- 
siderable depth below this mass, for which he offers the same 
explanation that I do . namely, that the pyrite mass was more 
dense and impermeable than the rock mass below, and that 
the oxidizing waters penetrated it hut slowly. 

I have given priority to the observations of these gentlemen 
where they confirm my own, because they are the result of 
much more extended studies than it was possible for me to 
make in the limited time at my command. 


Op cit , 57 
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Of the four great copper-producing districts of Arizona, 
three, namely, Bishee, Globe and Clifton-Moreiici, resemble 
each other, in that the deposits occur in a region of limestones 
and intrusive eruptive-rocks and under climatic conditions of 
extreme aridity. The fourth, the XJiiited Verde mine, near 
Prescott, -which has a somewhat greater precipitation, owing 
to its vicinity to the Plateau region of northeast Arizona, is in 
a vertical-shear zone of old (probably Algonkian) slates and 
intruded dioritic rocks, the neighboring limestones being of 
later age, unconformably superposed, and apparently having 
no connection with the deposits. The physical conditions there 
more nearly resemble those of Butte than at either of the other 
localities, and an underground study would probably have 
been most instructive TJnfortunately, the policy of the exclu- 
sion of visitors pursued by the owner was strictly enforced m 
my case, and I could only determine that rich sulphides do 
occur beneath the gossan 

At Bishee the Copper Queen deposits, which include all that 
were actively worked at the time of my visit, are in flat-lying 
limestones which are underlaid by quartzites and have not 
been developed to any great vertical depth, so that I can only 
confirm the evidence already presented that there have evi- 
dently been considerable migrations in the ore since they were 
originally deposited, and that their original form was probably 
low-grade pyritous masses of great size, the ores at present 
worked, both oxides and sulphides, being concentrations pro- 
duced by these migrations. 

At Globe, the principal copper-deposits lie along a great east 
and west fault-plane, through the displacement of which lime- 
stones have been brought down in juxtaposition to underlying 
quartzites and intruded sheets of dioritic rock. Some isolated 
bodies of ore are said to occur in the dioritic rocks, and, 
according to "Wendt, these are mostly sulphides. Those which 
I saw, and which constitute the mam mass of the copper-ore, 
are in the limestones on the south of the fault. The ores thus 
far opened have been mainly carbonates and oxides, but in 
the lower levels, 400 to 500 feet below the surface, the latter 
are passing into the dull earthy-looking glance, called “ black 
sulphide, which is the characteristic alteration product at the 
line between oxides and sulphides. The original ore-deposi- 
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tion appears to have occurred mainly along the great fault- 
fissure, and secondary migrations to have taken place along 
subordinate fractures either nearly parallel or at right angles 
to it, which evidently formed channels for the surface-waters. 
It was noticeable that here, as Dr. Douglas has stated to be 
the case at Bisbee, cuprite and native copper are more com- 
mon in the lower part of the oxidized zone, and the carbonates 
nearer the surface 

In the Glifton-Morenci district, near the borders of hTew 
Mexico, the area of mineralization is much larger and the geo- 
logical conditions are more complicated A series of pnartzites 
and limestones resting on granite have been extensively cut 
through by igneous intrusions of both basic- and acid-eruptives, 
and since broken by a complicated system of faults. The orig- 
inal mineralization apparently took place along shear-zones or 
faults , the ore is found both in the eruptive-rocks and in a cer- 
tain horizon of limestone. 

The mines were long worked for the rich carbonate ores near 
the surface which are now in great measure exhausted, so that 
at present the most common ore is the so-called “ black sulph- 
uret,” the dull-black glance above mentioned This, I found, 
as in G-lobe, immediately below the ores of cuprite and native- 
copper In the larger veins, spots of piyrite can be detected within 
the glance which constitutes the rich ore. In the porphyry 
adjoining is a net-work of narrow veins or joints filled with 
glance. This constitutes the lower grade, or concentrating-ore 
which is remarkably free from other metals than copper, and 
appears to have been formed by migration from a mam body. 
Below the ore-bearmg zone, the limestones are impregnated 
with practically barren pyrites, and the porphyry below the 
ore-bearing zone has its joints also filled with pyrites. In some 
cases the direct passage of the glance into the low-grade pyrites 
could be observed 

The Coronado mines, famous in the early days, but now 
abandoned, exhibited a vertical ore-body within a dike of 
quartz-porphyry which cuts through the basal granite. Of this 
ore-body Wendt says * 

“ WlieneTer the copper-glance in the Coronado mines has been followed down, 
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it disappeais at a depth of 150 oi 200 feet from the surface, and either the vein 
becomes banen, or the glance is replaced by yellow sulpbuiets sparingly dis- 
seminated through the gangue ” 

In JSTew Mexico, the Santa Hita mine is famous as liavin^s: been 
worked at a profit early in the past century under Mexican rule. 
It lies about 15 miles east of Silver City, ET M. , tlie ore is 
found ill a wliite quartz-porphyry wkicL. was evidently once 
covered by borizoiitally bedded limestones that still lie round 
the rim of the shallow basin where it occurs The richest ores 
have been removed from the surface, and, as the underground 
workings were inaccessible, my hastily-formed opinion of the 
deposits would not be of much value, except that I came to it 
fresh from an examination of others in which many analogous 
conditions occur. As at present seen, the porphyry at the sur- 
face is imxiregnated with a thin coating of aziirite on joint-faces 
and m spots through the mass of the rock. At some depth 
below the surface cuprite and native-coxiper are associated to- 
gether, largely as the filling of narrow joint-seams, and pass 
still lower down into the dull copper-glance similarly distrib- 
uted. From the evidence of the dumps, pyrite occurs at still 
greater depths, but in quite limited quantity 

My judgment was, that most of this ore had been formed by 
leaching down from the low-grade pyritons body in the lime- 
stones which once covered the porphyry Considerable bodies 
of hematite-ore, evidently the result of oxidation-in-place of 
bodies of pynte, are frequent in the limestones of this region; 
and, m the Hanover mine, it is said that copper-ores have been 
found in the pyrite immediately under the hematite. 

In Bingham Canon, Utah, where the climatic conditions are 
intermediate between those of Butte and of Arizona, old mines, 
which were once worked for the value of their pyritons ores in 
lead and silver, are now being reopened, because the same py- 
rite-bodies are found in dejith to contain enough copper to pay 
for working under present economic conditions. The ores oc- 
cur as a replacement of certain limestone-beds in a great series 
of quartzites that are cut by intrusive bodies of porphyry and 
have subsequently been faulted. 

In the Highland Boy mine, which I visited last summer, I 
found a large body of pyrite replacing limestone in the imme- 
diate vicinity of a body of quartz-porphyry. Portions of this 
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body, whicli were compact and unaltered, were too lean to work. 
Along certain lines of post-mmeral fracturing or faulting, bow- 
ever, the mass was found to be altered and constituted an ore 
that was said to average 8 per cent, in copper. In those places 
where the enrichment was visible to the eye, a little copper- 
glance, with the dull earthy appearance that is character- 
istic of the recently formed secondary mineral, could be dis- 
tinguished 

Western Silver De^oszte.— Instances of probable secondaiy en- 
richment of silver-bearing deposits from my eailier examina- 
tions, now occur to me as I look back, but as they were not ex- 
amined critically with a view to this explanation of their form- 
ation, I place less weight upon them. 

Most famous, in view of the enormous values taken from 
them, are the rich silver-bodies of the Mollie aibson and 
Smuggler mines of Aspen, Colo. , but, in their case, there is 
sufficient organic matter present to explain the reduction of the 
oxidized solutions to sulphides. > They occur along a vertical 
fault formed since the original mineralization of the district, 
and consist of great masses of polybasite and pink barite, which, 
in places, have been further reduced to native-silver. On one 
wall of the ore-body is the limestone, of which it is a replace- 
ment, and on the other, a black bituminous shale 

In the San Juan region of Colorado, there is a very strong 
belief held by some of the more experienced and thoughtful 
mining engineers, that the rich silver-minerals in their veins, 
such as ruby- and brittle-silver, are the result of secondary en- 
richment by descending waters. The most notable instance 
presented (which, however, I have not yet had opportunity of 
verifying by personal observation) is that of the famous Smug- 
gler-Union vein, which has been opened for some four miles on 
the strike, and in places to a depth of nearly 1,000 feet. The 
main vein has a width of several feet of comparatively low- 
grade concentrating-ore, while on the foot-wall is a streak a 
few inches thick of rich “ shipping ” ore, which carries the rich 
silver-minerals. The main vein has been displaced about 50 
feet by the Pandora vein, which crosses it at right angles and 
carries gold-values, though not in paying quantity.! Accord- 

U S Geol. Sur , Mon xxxi , Aspen Mg. Bi&t , p 183 
■f U S Geol Sut,, 18th Ann. Hep., Pt. lu , p 834 
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ing to my informants, tlie foot-wall streak is not sensibly 
afiected by the faulting, and they reason that it is a plane of 
recent movement, on which the silver-minerals have been con- 
centrated by a secondary migration from the main vein. 

In several important veins in the San Juan region, I ob- 
served secondary or post-mineral fractures parallel, and more 
or less coincident, with the plane of the vein, hut no detailed 
studies have yet been made that would determine whether 
there has been an enrichment of the minerals, or not. 

In unpublished notes on the once famous, but now aband- 
oned, Yankee Girl mine, in the Eed Mountain district of the 
same region, I find mention of a phenomenon which then ap- 
peared unexplainable, but which it now appears might be 
accounted for on the theory of secondary enrichment In the 
upper levels, the ores, down to about 200 feet fiiom the surface, 
were mainly silver and lead, galena and pyrite being the prin- 
cipal minerals. Below this zone, the ore is mainly composed 
of stromeyerite, bornite, chalcocite, with some gray-copper and 
barite, yielding about 30 per cent of copper, and little or no 
lead. In depths below 600 or VOO feet, the ore m this and 
adjoining mines is said to have gradually turned into a low 
grade pyritous ore, which was of too low grade to work at a 
profit, and caused the mines to be closed down. The ores in 
the copper-bearing zone had been exceptionally rich, carrying 
several thousand ounces of silver to the ton in carload lots 
The waters in this region, both mine-waters and spring-waters, 
are unusually acid, the latter forming abundant deposits of 
limonite, while the former rapidly corrode any metallic iron- 
materials, such as water pipes, that are exposed to their action. 

The most definite instances of secondary enrichment of silver 
sulphides are, however, those described by 'Weed, m the mines 
of JSTeihart, Mont.* There the veins have suffered later fractur- 
ing and secondary enrichment of the zone at or below the water- 
level, with the deposition of silver sulphides “ as crusts or crys- 
tals lining cavities, or as films or thin coatings along fractures 
of the primary ore.” The primary minerals are galena, blende 
and pyrite ; the secondary sulphides are polybasite, ruhy-silver, 
more rarely a pure transparent blende. Under the microscope 

U S Geol Sw , 2lst Ann. Bep, , Pt. lii “The Geology of the Little Belt 
Mountains,’' by W. H Weed, p 421 
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galena is seen altering to a spongy polybasite. Polybasite and 
pyrargyrite are seen as crystalline aggregates and crusts on all 
other minerals, but m no case coated by other minerals. The 
immediate products of superficial alteration, the gossan, aie 
largely removed and make up a zone at most only a few feet 
thick Beneath this is an irregular accumulation of sooty 
black ore, consisting of manganese and silver sulphide. Where 
the vein is well-defined the secondary antimomal sulphides 
occur below, at first, in considerable abundance, but deeper 
down, only in crevices or fissures partly or wholly lining filled 
fractures, so that they become less and less abundant m going 
down on the vein 

Eastern Examples — ^In his description of the lead- and zinc- 
deposits of the Mississippi,'* * * § ' W. P. Jenney notes interesting in- 
stances of deposition by descending-solutions below the zone 
of oxidation. 

Among minerals of secondary deposition he enumerates 
“ blende, galena, chalcopynte and greenockite, produced by 
alteration from the primary ores in the zone of oxidation in 
the upper part of the ore-bodies, and re-formed as sulphides by 
the reducing action of organic-matter in the deeper levels.’^ 

Ilesf and Robertsonf have also described secondary deposits 
of zinc-sulphide which are assumed by them to have been de- 
posited from a sulphate solution through the agency of sul- 
phuretted hydrogen 

In the Southern Appalachian region are many copper-de- 
posits which show excellent instances of secondary enrichment 
through the agency of mineralizing waters. Most of these have 
recently been examined by Mr Weed,§ and, as detailed descrip- 
tions of them will be found in his paper on “ Types of Copper- 
Deposits m the Southern IJnited States,” presented at this meet- 
ing, only a brief mention of the salient points need be made 
here. 

Best known are the deposits of Ducktown in the extreme 
southeast corner of Tennessee, which have become classic in 
the literature of ore-deposits for their black copper-ores which 


* T)ans., xxii , 199, 
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X Am Jou) Set , 3d senes, vol. xl , p 160 

§ Bull Qeol Soe Amer , vol xi , pp 179-206 



198 THE SECONDARY ENRICHMENT OR ORE-DEPOSITS 


form a narrow band between the gossan and the unaltered py- 
ritous ore beneath. The gossan-ores are immense masses of 
porous iron-oxide which are so free from impurities as to be 
used in large quantities in the blast-furnaces of Tennessee and 
Virginia. The original ore is an irregular mixture of pyrrho- 
tite and chaleopyrite, quite massive and free from vertical frac- 
turing. The comparatively thin zone of black ore has been 
considered to be a mixture of black oxide and sulphuret of cop- 
per ; but chemical examination of the specimens brought m by 
Mr. Weed and those in the National Museum show only cop- 
per-glance and no tenorite. The ore is impregnated with cop- 
per sulphate, showing that the process of concentration is still 
going on, and recently-formed amorphous hlack sulphuret is 
found in clefts in the upper surface of the pyrrhotite. 

When the black ores were first developed many curious 
speculations were current as to their origin; but Whitney* 
early recognized their true source, as is most evident in his re- 
ply to Tnomey in 1855, where he ascribes these rich sulphides 
to an enrichment of the original ore through the decomposi- 
tion of the zone above (now gossan).! 

Sterry Hiint| makes allusion to this, and similar deposits, at 
Ore Knob, N. C., and in Carroll county, Va., as owing “ their 
origin to the reduction, in some imperfectly explained way, of 
the sulphates formerly generated by oxidation in the upper 
portion of the lodes,” and 01cott§ confirms his view as to the Ore 
Knob deposit In all these cases, however, the enrichment is 
assumed to have taken place at or above the water-level, and 
there is no question of its extending to any considerable dis- 
tance below it. 

In the IJnion Copper Company’s mine at Grold Hill, N. C., 
as reported by Mr. Weed, the ore-body is fractured by vertical 
planes which penetrate to some depths below the oxide zone 
There are here no such great masses of pyritous ore as at Duck- 
town, the primary ore being vein-quartz carrying a small 
amount of chaleopyrite. Owing to the vertical fractures the 
lower limits of the brown oxidized ore are very irregular, ex- 
tending in places clown to 180 feet or more below the surface 


Metallic Wealth of the United Stales, p 322. 
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and half that distance into solid unaltered quartz-ore. The 
Biirface-ores were originally worked for gold, but the increase 
of copper with depth interfered with amalgamation. 

The workings now extend to a depth of over 250 feet. In the 
main part of the vein are rich masses of chalcopyrite in quartz 
which, when altered, change directly into chalcoeite , the latter 
is often surrounded by a film of cuprite, which, m turn, changes 
to fibrous malachite along cracks in the quartz ’Where the 
alteration has proceeded further, specimens are found showing 
copper-glance coated with crystalline cuprite and native silver ; 
others show crystalline glance passing directly into native cop- 
per, which forms a thin felty covering up to a quarter of an 
inch thick Hearer the oxide zone, a sooty black mass is often 
found directly replacing the chalcopyrite. 

Specimens from the Blue Wing mine m the ’V'irgilina district 
on the borders of Yirginia and Horth Carolina, taken from be- 
low the oxide zone, show bornite surrounded by a shell of dull 
glance with iron oxide outside Other specimens from below 
the water-level show bornite altered to chalcocite, while the 
iron 18 concentrated in the form of nests of specular iron in the 
quartz. These ores extend to the present limits of the work- 
ings 300 feet below the surface. That they will pass, like those 
of Gold Hill, into chalcopyrite in depth, cannot yet be pre- 
dicated with certainty 

Foreign Authorities . — Although it was the Austrian geologist, 
Posepny, already cited, who most strongly emphasized the dis- 
tinction between the results of the action of surface- and deep- 
seated waters, European geologists seem to have been, as a 
rule, slower to recognize this distinction in their practice than 
American mining geologists, whose views are generally gath- 
ered from a wider field of observation 

The brilliant French writer, DeLaunay,^ has been cited by 
Mr Weed as one who seems to have conceived the idea that 
the enrichment of sulphides by descending surface-waters has 
been an important element in the formation of ore-deposits , and 


‘ ‘ I On the importance of deposits by magmatic inclusion and segregation in 
a classification of ore-deposits 

“II, On the part played by the phenomena of superficial alteration and the 
renewal of moyement (migrations) in the formation of oxe-deposits ” — Ann des 
M%nes, 9tli senes, sii , 1897, p 119-228 
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indeed the title of his most recent theoretical discussion of the 
question gives ground for this supposition. 

A careful reading of this and his other papers, however, leads 
rather to the conclusion that the secondary migrations he con- 
templatedwere confined to the zone above the groundwater-level, 
or oxidized zone, in which sulphides have always been known 
to occur. The novelty of his view would appear to be that 
they are not necessarily residual masses of sulphides that have 
not been completely oxidized, but that in many cases they re- 
sult from an actual transference of material and a re-depositioii 
as sulphides Thus, in closing his discussion on the origin of 
copper and ore-deposits,'*' he says 

“"What IS the oiigm of the modifications which have been noted in a geneial 
way in the upper part of a vein , modifications undoubtedly connected with near- 
ness to the surface, and which disappeai m depth’ Is it possible that these modi- 
fications have sometimes been pioduced contemporaneously with the filling of the 
vein, or are they always, as is incontestably the case m many instances, the lesult 
of much latei action , especially of the introduction of surface-wateis down to a 
certain level called hydiostatic 

111 his later paper, after describing the succession of minerals 
found in the silver-deposits of Mexico and South America as 
an upper zone of chlorides and native metals, and holow this a 
bonanza-zone, where the silver and copper “ coming in part 
from the surface ” are concentrated by a sort of cemeiitatiou as 
rich sulphides, etc. (both, however, being above the water-level), 
he speaks of the chemical j)rocesses that have probaldy gone 
on, as follows 

“ The atmospheiic-waters reached the deposit by descending and filteuug down 
slowly along the plane of the vein to ascend again to the suiface only after a cii- 
cult that is more or less long and complex. It lesults that the elements dissolved 
are not absolutely lost to the vein, but, on the contrary, a great part of them are 
only slightly displaced fiom above doivnward, and aie re-piecipitated in depth in 
contact with unaltered sulphides in the foim of insoluble sulphides This sec- 
ondary phenomenon, which is paiticularly maiked for copper and silvei, often 
hiings about a special concentration of these two metals at a certain distance below 
the suiface, so that below the oxides and caibonates that chaiacterize the actual 
outcrop is found a very iich zone, or, as the miners of the New "Woild express it, 
a bonanza, in which copper foims gray-copper, glance, bornite, etc , while silvei 
separates as argentite, brittle-silver and ruby silver.” 

JEuropean Deposits . — The great pyrite-deposits of Eio Tmto, 


* Gttes Mineiaux et MdtalhfSres, Pans, 1893, vol ii , p. 232, 
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Tliarsis, etc , in the Huelva provinces of southern Spam, are 
enormous bodies, analogous in geological conditions to those 
of Duektown, hut of even greater volume The gossan, which 
extends down to a depth of 180 to 150 feet, consists mainly 
of iron oxide, with 50 to 55 per cent non, a little sulphur and 
arsenic, and only a trace of copper Between this and the 
solid pyrite below is a very legularly distributed zone of earthy, 
porous material, from a few inches to a foot in thickness, carry- 
ing an average value of about $35 00 per ton m gold and 
silver These values it is assumed by Vogt,^ who has last 
written upon the region, have been brought down in solution 
by ferric sulphate which, m contact with the undeilying pyrite, 
has been reduced to ferrous sulphate, with precipitation of the 
gold and silver It is in the pyrite-mass below the “ iron hat ” 
that the copper-values are found , and these gradually decrease 
with depth from 4 to 5 per cent, in the upper 100 to 200 feet 
to 1 J per cent at the depth of 900 feet — varying somewhat with 
local conditions The geologists who have studied the region 
account for this decrease by assuming that, during the oxidation 
of the gossan, the original copper-contents were leached down 
and re-precipitated in recent fractures and clefts in the pyrite 
mass, thus enriching its upper part. Says Yogt 

“ In point of fact we find such minerals — coppei -glance, boinite and chalco- 
pynte, sometimes with galena, zinc-blende and giay-coppei, and, as a lule, ac- 
companied by quartz — very often in clefts and ciacks in pyrite, and these min- 
eials aie, without doubt, of youngei (secondaiy) foimation At times these clefts 
aie so laige that they can he sepaiately mined , thus, the old Eoman mining was 
done chiefly on these richer clefts within the pooier mass of pyiite Most com- 
monly, howevei, they aie quite small and constitute a strongly blanching net- 
work in the 1101 mal pyrite-mass, and that the coppei -content of these secondaiy 
mineials is deiived fiom the weathered, supeificial mass is shown quite simply in 
the fact that these veins are most common in the zone immediately under the 
‘lion hat ’ They extend downwaid something like a hundred meters oi more, 
and then commences the solid pyiite-mass, little fissured and compaiatively bar- 
len of coppei ” 

He also mentions a decrease of copper-contents with depth 
in the great vertical pyrite-deposits of Yigsnas, in Horway, 
and Fahlnn, in Sweden, of which the former has been worked 
to a depth of V35 meters and the latter to 350 meters. 

At Monte Catini, in Italy, the rich copper-ore occurs in 
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masses sometimes of several cubic metres in size with an 
arrangement of concentric zones wliich. grow successively 
rieher in copper towards tlie periphery These masses are 
sometimes isolated; sometimes connected with metalliferous 
veins Balls of glance occur sometimes the size of a man’s 
head. The larger masses consist of chalcopyrite at the center, 
surrounded first, by bornite, and then on the outside by chaleo- 
cite, which sometimes passes into native-copper. These rich 
masses occur in a zone of recent movement which is easily 
penetrable by surface-waters. In depth the rich sulphides cease 
and the ore consists of chalcopyrite and pyrite, the latter be- 
coming more and more predominant with depth. 

There are many other European examples which would 
doubtless show evidence of secondary enrichment, if examined 
with that question in view. In the great zinc-, lead- and silver- 
deposits of Laurmm, in Greece, for instance, it seems that this 
process might explain some of the phenomena about w’^hich 
there has been so much difference of opinion among those 
that have examined them. 

Deposits in And Regions — De Laiinay, who has studied the 
literature of Mexican and South American mines very exten- 
sively, makes the following general statement as to the average 
conditions of the silver-ores in those countries from the surface 
downwards : 

“Near the surface the silver in the veins is in the native state, with chlorides, 
biomides, iodides, etc , associated ivith oxides of iron, manganese and often of 
copper , if the gangue is siliceous, it shows a honeycomb aspect, resulting from 
the removal of the sulphides which it formerly held , frequently red and gray 
clays are associated with it These ores are the pacos, cascajos, coloiadoa, etc., of 
the Spamsh-American miners, which are designated by the general term metaleh 
oalidoH (free milling ores), but whose tenor in silver is often small compared to the 
rest of the deposit 

‘ ‘ Lower down, at about 80 to 160 meteis, appeals the bonanza-zone of the Mexi- 
cans, where by a sort of phenomenon of cementation is concentrated the silver, 
coming in part from the surface (often with the copper, if this is abundant in the 
deposit) The silver is here in the state of sulphide (AgaS) , the coppei as chal- 
cocite, gray-copper (itself often argentiferous) and hornite , iron is wanting oi is 
in the form of oxide ; lead, not abundant, is mostly in the state of carbonate 

“ Finally, when one passes below the hydrostatic level, which is rarely lower 
than 400 or 500 meters, one finds the complex vein-filling of sulphides, antimon- 
ides and arsenides, which in their primitive form extend indefinitely in depth , 
that IS, one has, in proportions varying with different deposits, galena, more oi 
less argentiferous, iron and copper pyrites, arsenopyrite, blende, etc , with less 
abundant silver-minerals ” 
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My personal observations m these countries have been very 
limited, being confined to a few weeks’ visit in Pern and the 
State of Chihuahua, Mexico, respectively In Peru, I saw a 
dull-black copper-glance, brought from the famous Cerro de 
Pasco mining-district, where silver-mining has been extensively 
carried on for centuries This ore is said to be found wherever 
the workings have been earned down below the water-level, 
and is estimated to constitute a zone of great extent and value 
beneath all the old workings It is evidently a concentration 
by leaching of the small amount of copper that was dissemi- 
nated through the now oxidized ores above. 

In Chihuahua, I had no opportunity to examine the silver- 
deposits below the water-level , but in the middle levels of the 
mines, at 200 to 300 feet below the surface, oxidized and un- 
altered sulphide ore-bodies were not infrequently found side 
by side, so to speak, on the same level The former, generally 
in a foot-wall streak, constitute the Colorado ores of the Mexican 
miners, and carry rich silver-minerals in a red clayey material 
that contains rolled fragments of quartz and ore, and is evi- 
dently on a plane of movement subsequent to the mineralization. 
The latter, which consist of pyrite, galena and blende in a dense 
hard matrix, occur in greater bulk than the richer ores, and ap- 
parently owe their escape from oxidation to their impenetra- 
bility to surface-waters. The sulphide is so much lower in 
grade than the Colorado ore, that it was generally left by the 
early miners, and now constitutes a concentrating-ore. Evi- 
dently the foot-wall streak, which often opens out into great 
“ bonanzas,” was enriched by the leaching of such parts of the 
other ore as had been thoroughly decomposed 

In Australia, the arid climate of which presents similar con- 
ditions to those found in Arizona, Mexico and South America, 
we would expect, as in the latter regions, to find abundant evi- 
dence of secondary alteration of ore-deposits. In point of fact, 
the descriptions of many of the important mines of that region 
make mention of phenomena which seem to be most readily 
explainable on this theory, although, until they have been ex- 
amined with this end in view, one cannot be sure how far all 
the evidence will support it. In the famous Broken Hill lode, 
as described by Jaquet in the memoirs of the Geological Sur- 
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vey of iNew South. Wales, certain occurrences are definitely 
described by Mm as secondary sulphides.^ The primary sul- 
phide-ore is an intimate mixture of argentiferous galena and 
ziiie-blende, with q^uartz, garnet and feldspar, and pyrite, chal- 
copyrite, arsenopyiite, wulfenite and fluorite as accessory con- 
stituents. These ores contain on an average 5 to 36 oz, of 
silver pier ton, 7 to 60 per cent of lead, and 14 to 30 per cent 
of zinc. Mr Jaqiiet says 

“Sulplnde-oie, secondaiy, occuis as a thin layei, vaijing m thickness fiom 3 
inches to 6 feet, iv^hich. coats the oidinarj sulphides at all -points -wheie dry oie, 
rich in silver, comes in contact with them. Eesembling soot somewhat m appear- 
ance, it has been named ‘ sooty sulphide-oie ’ by the miaeis It is, without doubt, 
oidinary sulphide ore alteied and enriched by contact -with diy oies,” 

These enriched ores carry up to 250 oz. silver per ton and 12 
per cent of copper. The dry silver-ores are the antmionial and 
arsenical sulphides of silver, polybasite, stromeyerite, dyscrasite, 
proustite, pyrargyrite, stephauite, etc., which occur in the lower 
part of the kaolm-ore that forms the bulk of the oxidized zone 
in the locality described, and carries oxidized ncnnerals of iron, 
manganese, lead and copper This, also, is of much lower grade 
than the enriched sulphide It is very evident, therefore, that 
in the process of alteration hy surface-agencies the oxidation 
products — especially the silver- and copper-combinations — have 
been leached down and redeposited as sulphides, and are most 
abundant iii contact with the original sulphides of the deposit 

It does not appear from the descriptions that the eiiricliment 
has extended to any considerable distance below the contact- 
zone of altered with relatively unaltered material. This may 
he due to the absence of later fractures which would admit the 
descending solution; or it may be that enrichments do exist 
which have not yet been detected through want of systematic 
search. 

In the neighboring Broken Hill Consols mine, as described 
by Mr G-eorge Smith,! there is evidence of still more exten- 
sive secondary enrichment of sulphides, the silver-minerals 
being mainly in the rather rare and unusually rich forms of 
stromeyerite, dyscrasite, fahlerz and antimonial silver chloride. 

* Mmi, Oeol Sur , Mw Smik Wales, Geology, No. 5, Sydney, 1894, p. 88 See 
also Zeitsch Pral Oeol , vol v , p 95. 1897 f Ti ms , xxvi , 69, 71, 73 
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Altliougli oecurnug in the same country rocks as the mam 
Broken Hill deposit, instead of being, as in that ease, in the 
form known as “ saddle reefs,” which conform with the schis- 
tosity and are of great size, they are found only in compara- 
tively narrow veins which distinctly cross the schistosity. The 
vein is mineralized only at the intersection of what is known 
as cross-veins, and, of the rich silver-minerals mentioned above, 
some “ have not been met with in the lower workings, though 
each has been found at some distance below the water-level;” 
while those that are found at greater depth occur there in 
smaller quantities and “ have been found to assume a distinct 
track and are evidently the continuation of the larger deposits 
worked in the upper levels.” The so-called cross-veins are de- 
scribed as “ a succession of rock-joints formed along a line of 
weakness and enlarged in places by a process of removal and 
replacement.” The more important one, which is figured (p. 
73), falls vertically on the lode which has a shallow dip near 
the surface, and immediately below it in the mam vein is an 
accumulation of stromeyerite, dyscrasite and more or less oxi- 
dized material impregnated with silver chloride. The cross- 
veins carry in some cases blende and galena, in others only 
pyrite. 

While Mr Smith has recourse to secondary concentration 
for the enrichment of the oxidized zone, it does not seem to 
have occurred to him that the concentrations of rich mineral 
below this zone might also have been produced by solutions 
along the mam fissure from the cross-veins. He brings forward 
a theory of electro-magnetic currents to account for the precipi- 
tation of the minerals at these intersections 

It is always unsafe to theorize on the observations of others ; 
but ill the present case, it seems legitimate to offer the sugges- 
tion that, even admitting the possibility of electric action as a 
stimulant to the chemical reactions, it is necessary to predicate 
previous conditions which will render the reactions possible. 
In the case of these cross-veins, as in those of the indicators of 
Ballarat, and the similar fahlbands of Horway, which are all 
zones of relatively barren pyritiferoiis materials crossing the 
ore-bearing veins, it seems, in a general way, that reactions be- 
tween salts of the metals and their sulphides have been the un- 
derlying cause of the concentration of the more valuable metals 
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at or near tlie intersection. There will have been a great num- 
ber of differing conditions m such districts, or groups of deposits, 
and it does not seem absolutely necessary that we should have 
recourse to descending solutions for the salts of the metals in 
every case ; they may have been contained in ascending solutions 
All instance where it seems probable that there has been enrich- 
ment from ascending salt-solutions is the Geyser mine at Silver 
Cliffj Colorado,'*' where, in a narrow vein at 2000 feet in depth, 
is an unusually rich and very recent-looking body of sulphides 
of Sliver, lead, zinc and copper. The ascending waters which 
issue from the parallel and adjoining fissures are highly charged 
with carbonic acid, and carry, apparently in the form of car- 
bonates, small amounts of the metals found in the veins What- 
ever may have been the original form in which the metallic 
minerals were brought to this deposit, it seems evident that at 
the present day they must be coming in as carbonates and be 
deposited as sulphides in contact with the already existing sul- 
phides, thus enriching the latter. 

Summary 

From the foregoing geological evidence, which could be 
doubtless very much enlarged, it appears to be fairly well es- 
tablished . 

1. That descending waters not only cause migrations, or 
transference and reconcentration, of the alteration products of 
the original veiu-niaterials in oxidized form, producing in one 
place an enrichment, and in another possibly an impoverish- 
ment of the original deposit, hut that in their further down- 
ward course the oxidized forms are frequently reduced and re- 
deposited as sulphides, thereby producing a sulphide enrich- 
ment of the original vein-materials. 

2. That this secondary enrichment of sulphides is not nec- 
essarily a reduction in the presence of organic matter, hut is 
frequent where no organic matter can be supposed to be pres- 
ent; it occurs mainly m contact with the original sulphides of 
the deposits, and is, presumably, a result of chemical reaction 
between these sulphides and the materials brought down in 
solution by the descending waters. 


* XJ S Geol Sui.j 17th Ann Rep , Part u., p. 456 
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3 That while this re-deposition of sulphides in manj’ cases 
appears to commence at oi near the groundwater-level, it does 
not appear to have a necessary connection with that level, and 
may under favorable conditions extend below that level for a 
distance as yet undetermined, the most important favoring con- 
ditions appearing to be recent or post-mineral fractures, wdiich 
have admitted a relatively free and uninterrupted descent of 
these waters 

In endeavoring to trace back the processes by which the 
results have been brought about, it is important to bear in 
mind the physical changes that may be assumed to have taken 
place during the time that has elapsed since a given ore-deposit 
was originally formed and before it reached the condition in 
which it is found at the present day. These changes necessa- 
rily vary with each mining region or district, being in some 
cases very considerable, in others relatively slight They may 
be classed under tivo general categories 

First, the rock shatterings resulting from dynamic force 
connected with earth-movements oi eruptive action These 
have opened channels for the entrance of surface-waters within 
the rock-mass and thereby extended the areas to which the 
chemical actions produced by the latter may have extended 

Second, the erosion or denudation to which the region has 
been subjected, and which has gradually worn down the origi- 
nal surface to its present configuration As a result of this 
wearing down the lower parts of an ore-deposit have been con- 
tinually approaching the surface, and in no case, probably, is 
what wms originally the superficial portion of an ore-deposit 
still in existence The amount of the wearing away is not 
always determinable, but it may have been very large , thus, at 
Leadville, I estimated that in round numbers a thickness of 
about 10,000 feet of rocks had been wmrn away in order to 
bring the ore-bodies at present exposed to the surface. 

In the Butte district, where there are no stratified rocks, 
there exists no criterion by which to estimate accurately the 
amount of denudation, but the readily disintegrable character 
of the granite country-rock and the faulting to which I have 
already alluded show that it must have been very considerable. 
There the ore-deposits occurring along nearly vertical fissures, 
and the later shattering hamug produced extraordinarily 
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abundant secondary fissures nearly coincident with the earlier 
ones, the conditions were nuusnally favorable for an abundant 
leaching down of the material taken up in solution by the sur- 
face-waters. As the surface gradually lowered we may con- 
ceive that the insoluble materials were carried off mechanically , 
of the soluble minerals, however, but a relatively small propor- 
tion would have been removed by the actual surface run-oft. 
The greater portion would have been carried back to lower 
levels before they came near enough to the actual surface to be 
taken up in the ruri-oft‘. 

It will aid our conception to divide the veins theoretically 
into three horizontal zones The upper- or surface-zone, that 
which immediately adjoins the present surface, is necessarily 
the zone of highest and most recent oxidation. Any sulphides 
found in it will simply be residual masses which, for some 
reason, the oxidation has not completely penetrated. The 
changes which have taken place in this zone will have been 
mainly of removal, rarely of addition, and any enrichment that 
will have come about in this zone will have been, as a rule, dif- 
ferential, resulting from the greater proportion of valueless 
or base metals removed. 

The second or intermediate-zone may be called the zone of 
oxide-enrichment In this, the less soluble or more readily 
precipitahle metals which have been brought down from the 
zone above, are found as carbonates or oxides, or in some eases 
as native-metals. 

The third zone may he called the zone of sulphicle-eiirich- 
ment, in which the materials brought down in solution, and 
not deposited m the zone next above, are deposited as sulphides 
(also as sulph-arsenides and snlph-antimoiiides) or in some eases 
as native-metals in contact with the original sulphides of the 
deposit 

The presence of organic matter would hasten the reduction 
to sulphide^ and might cause the deposition of the latter, under 
favorable conditions, even at the surface, hut it should bo con- 
sidered as an accidental, rather than an essential occurrence. 

These zones are, as has been said, a theoretical conception ; 
in practice they are rarely well-defined, and in many cases one 
or more may he wanting. One will run into the other, and, as 
denudation ]3rogresses, a lower zone is slowly changing to the 
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one next above it ; thus, as time goes on, it will be a constantly 
richer zone that rises to the surface to be oxidized, and has part 
of its oxidation products carried back and re-deposited either as 
oxides or sulphides Hence, other things being equal, the 
longer a deposit has been subjected to denudation the greater 
will be the enrichment below the surface-zone. The rate of 
denudation may also have influence upon the amount of enrich- 
ment, for it can be conceived that the surface-rocks may be so 
readily disintegrable and the rate of erosion under favoring 
climatic conditions may be so rapid, that the surface-removal of 
the oxidized material, both mechanical and chemical, may pro- 
ceed so much faster than the downward seepage along the 
plane of the ore-deposit, that little or no enrichment of the in- 
terior portion of the deposit may have taken place 

Such a rapid denudation may be conceived to have taken 
place on exposed points during the ice-invasion of the glacial 
period, at which time, moreover, under the low surface-tem- 
peratures chemical decomposition would have been relatively 
sluggish. In arid regions, on the other hand, where the great 
heat would render chemical decomposition more energetic, and 
where there has been not only no ice-action, but also compara- 
tively little erosion by water to wear down the surface, we 
should expect the zone of oxide-enrichment to extend down to 
great depths, but if the aridity were so great that there was 
very little water percolating through the rocks in depth, there 
might be but little sulphide-enrichment. 

Chemical Processes Involved — do not feel prepared to dis- 
cuss in detail the chemical processes that are involved in the 
changes which are shown to have taken place by the above 
quoted observations. They necessarily vary from one deposit to 
another under the varying mineralogical and physical condi- 
tions that prevail in each place Moreover, the chemical re- 
actions that are suggested by previous investigations should be 
tested experimentally before any one can state with any degree 
of confidence what the succession of chemical processes in a 
given case has been , for these investigations have generally 
been conducted with another object in view, or with a different 
conception of the actual conditions in nature 

Mr W eed, in his paper already cited, has given quite full 
quotations from all the authorities that bear upon this subject, 
von XXX — 14 
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and I shall, therefore, not repeat them, but only give a brief 
general statement of the mam processes that may be supposed 
to have contributed to the mineralogical conditions that are 
found in the ore-deposits cited above, laying more stress on 
the natural occurrences that illustrate the actual changes. 

The most common sulphide-minerals in original ore-deposits 
are the iron sulphides, pyrite, marcasite, pyrrhotitc, chalco- 
pyrite and arsenopyrite , and next to these, galena, zmc-blende 
and various copper sulphides. "While there is a great variety 
of other metallic compounds in ore-deposits, yet in most deposits 
the greater bulk is so far formed by one or more of the above 
minerals that the chemical changes will be largely governed by 
the reactions to which these appear to be subject. Of these 
sulphides marcasite is the most readily decomposed, while 
pyrite, if occurring by itself in pure crystals, often proves very 
resistant to alteration Where there are mixed sulphides, how- 
ever, the oxidation is observed to proceed more rapidly and all 
are readily attacked. 

The actual changes observed by me in a great body of pyrite 
carrying galena in a limestone country-rock, which had under- 
gone partial decomposition from the periphery inwards, are 
as follows * The original fresh pyrite or marcasite crystals are 
first disintegrated and slightly pitted on the surface, then 
changed to melanterite or hydrated ferrous sulpihate and the 
galena becomes anglesite In the outer or more fully oxidized 
zone the iron-vitriol has changed in part to yellow basic sul- 
phate ; in part to limomte with a separation of native sulphur 

The theoretical changes that are assumed to take place hy 
the action of waters carrying oxygen or oxidizing agents arc . 
first, an alteration of the iron sulphide to ferrous sulphate with 
the formation of sulphuretted hydrogen and sulphur which 
may have oxidized to sulphuric or sulphurous acid. Ey further 
oxidation the ferrous sulphate will become, in part at least, 
ferric sulphate, and this in its turn will react upon the remaining 
ferrous sulphate, or upon the sulphides, and form more ferrous 
sulphate or sulphates of the other metals which are present. 
By this cycle of reactions a supply of both ferric and ferrous 
sulphates would seem to he provided in the oxidized zone, but 


Proa. Colo Sei Soc , vol n , p 104, 
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the extending downwards of the ferric salts would decrease as 
the supply of oxygen in the waters heeame less abundant. 

It may be assumed that the sulphates of the metals thus 
formed would be transported for greater or less distances, gener- 
ally in proportion to their solubility, the iron sulphates being 
the most soluble ; next, those of copper and zinc , silver sul- 
phate is less soluble and also more readily decomposed, while 
lead sulphate is extremely insoluble. 

This accords with the facts generally observed in nature 
Thus, from the gossan, which is generally a porous siliceous 
mass stained by the limonite or hematite resulting from the de- 
composition of part of the iron sulphate, the copper- and zinc- 
salts may have been more or less completely removed or trans- 
formed to less soluble carbonates and silicates Where galena 
has been present in considerable amount the sulphate (angle- 
site) IS generally found quite near the surface or forming a coat- 
ing around residual masses of galena which some think it has 
protected from oxidation Where caibonate of lime is present, 
as ill limestone deposits, it is transformed to the carbonate 
(cerussite) which is more soluble, especially in the presence 
of an excess of carbonic acid, and may be transported from its 
original location and concentrated in bonanzas of more or less 
crystalline mineral. The silver sulphate formed near the surface 
is generally transformed to the chloride, but is not infrequently 
reduced to the native state. Gold probably does not form a 
sulphate, but when combined, as in the form of the telluride, 
IS directly reduced to the metallic state. It is, however, to a 
certain extent soluble in ferric sulphide, and would in part be 
transported by this solution until it is precipitated by the reduc- 
tion of the ferric to the ferrous condition which may occur in 
contact with the sulphide or with ferrous salts 

Under certain conditions ferric sulphate will decompose the 
metallic sulphides with the formation of ferrous salts and sul- 
phates of the metals ; possibly also with a solution of part as 
sulphides. Actual test has shown that it acts with great readi- 
ness on the iron sulphides, but much more slowly on silver sul- 
phides. The action of copper sulphide has not been tested, but 
is probably intermediate between the two 

It would naturally be expected that the oxygen included in 
surface-waters would gradually be eliminated with depth, and 
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Lepsius* lias shown by actual experimental tests of waters taken 
from bore-holes that there is a gradual and fairly uniform de- 
crease of contained-oxygen in the waters with depth. The 
oxygen would be more rapidly exhausted in a region of active 
chemical action, such as an ore-deposit in process of alteration ; 
hence it may be assumed that in each case there will be a cer- 
tain depth at which, owing to the absence of free oxygen, the 
general tendency in the reactions which take place will be re- 
ducing rather than oxidizing, and when no organic matter is 
present we must look to the onginal sulphide minerals to fur- 
nish the necessary agents for reducing the sulphates to sul- 
phides again, or to the native state. 

The most pertinent investigations bearing upon the reactions 
that would take place are those undertaken by E. F Anthonf 
in 1837, primarily for facilitating analytical work in the labora- 
tory, which were continued later on the same lines by E. 
Schurmann,^ for which reason they are generally known as 
the “ Schurmaiin ” reactions. By those it was established that 
in the presence of the sulphides of certain of the metals the 
salts of other metals would be decomposed and the metal pre- 
cipitated as sulphide, indicating thus that the latter metal pos- 
sesses a greater affinity for sulphur than the former, and thus 
the following series of the more common metals was established 
in the order of their affinity for sulphur Mercury, silver, 
copper, bismuth, cadmium, antimony, tin, lead, zinc, nickel, 
cobalt, iron, arsenic, thallium, and manganese In other words, 
a salt of any metal in the senes would be decomposed by the 
sulphide of any succeeding metal, and the first metal precipi- 
tated as sulphide Thus, from silver- or copper-salts the metal 
would be precipitated as sulphide by lead, zinc, or iron sul- 
phides. 

Sulphuretted hydrogen is an important agent for the precipi- 
tation of metallic sulphides, and this is not infrequently found 
in mine-waters It is assumed to be given ofi in the deposition 
of the various forms of pyrite, and qualitative tests in the lab- 
oratory of the Survey have shown that it is evolved in the 
treatment of pyritous ores by very dilute sulphuric acid, though 
less freely with pure pyrite than with mixed sulphides. 

* JBer d Deutsch Ohm. Gesdhchft., vol sviii , p 2487 1885. 

t Jour f Prah Chem , vol x , No. 6, p 353 

t Liebig’s Ann d Qhem , vol 249, 1888, pp 326-360 
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Ferrous sulphate will also precipitate many of the metals 
from their solutions in the native state ; possibly in some cases 
as sulphides with the formation of ferric sulphate, and it is 
probable that other ferrous combinations will act in a similar 
manner. Thus, in the mines of Kongsberg, ISTorway, which are 
remarkable for the abundance of native-silver below the water- 
level, Yogt=’' assumes, for the occurrences of the metal, as it is 
sometimes found iii fine cracks in the country-rock and even in 
garnets, that it has been precipitated from its solution through 
the reducing action of ferrous silicates 

The reaction of ferrous sulphate on a solution of silver-salt is 
easily tested in the laboratory The silver is readily precipi- 
tated in the metallic state and the solution colored brown by 
the ferric sulphate formed. With an excess of ferrous sulphate 
present, as near the out-crop of ore-deposits, this might account 
for the separation of native-silver from silver-salts, while on the 
other hand with an excess of ferric oxide the silver might be 
carried further down in solution 

In the copper-deposits, to which my studies have been more 
especially directed, one often finds a black sooty alteration 
product in pyritous ores just at the water-level which it has 
been the custom to call an “ oxysulphuret,” but which, so far 
as tested, has always proved to be amorphous copper-glance. 
It is evidently a very recent formation and it might be reasoned 
that it has not yet had time to become crystalline. On the 
other hand, chalcopyrite is by some considered to he a com- 
pound of cuprous sulphide (Cu^S) and ferric sulphide (Fe^SJ as 
bornite is, in a similar way, considered to consist of cuprous 
(OusS) and cupric (CuS) sulphides with ferrous sulphide (FeS). 
In the attack by a solution of ferric sulphide the iron molecule 
would first be removed, and in the case of chalcopyrite the 
CugS might be left in the amorphous powder above noted. If, 
however, the attack was continued until copper sulphate was 
formed, this being precipitated either by sulphuretted hydrogen 
or in contact with unaltered sulphide, by analogy with results 
obtained in the laboratory the precipitated sulphide would be a 
black amorphous powder. Such a precipitate was obtained by 
A. P Brownt by the action of powdered pyrite on a neutral 


* Jour f Prak Qeol , April, 1899, p 118 
t Pioc Amer Philos Soc , yol. xxxui. , No 145, p 240 1894. 
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solution of copper sulphate under pressure during Ins investi- 
gations, by which he proved, as he assumed, that mareasite is 
largely composed of the ferrous sulphide, and pyrite contains 
more ferric sulphide. 

Bisehof'*' states that the amorphous precipitates from solu- 
tion by sulphuretted hydrogen gradually assume a metallic 
luster and tend to become crystalline when extremely dilute solu- 
tions are used and the reagent is passed sufficiently slowly over 
the precipitates In other words, under conditions more nearly 
approaching those that may be assumed to exist in nature 

In recent years Dr. 0. Doelter has made a series of synthet- 
ical experiments in which, by treating metallic salts by sulphu- 
retted hydrogen solutions, he has succeeded in producing in crys- 
talline form most of the common sulphide minerals namely, py- 
rite, chalcopyrite, bornite, chaleocite, covellite, galena, bournon- 
ite, miargynte, jamesonitef and pyrrhotite.]; The experiments 
were conducted at moderately elevated temperatures, generally 
about 100° 0. Such temperatures are used in the laboratory to 
hasten the chemical action, but it is probable that the same 
effects would be produced at the ordinary temperatures, such as 
would befound in ore-deposits, if sufficient time could be allowed. 
In nature it is probable that changes in temperature may have 
been an important factor in producing solution or precipitation 
of minerals, for it has been found that a mineral-salt which was 
taken up in solution at a given temperature is sometimes rede- 
posited under a change in temperature. 

More significant, however, than laboratory experiments, are 
the synthetical processes of nature, which, as shown by Daubr6e 
and other European geologists, have been detected in the many 
thermal springs, where Roman metals and coins of copper and 
other metals have lam for centuries subjected to the action of 
waters containing feeble solutions of mineral sulphates. Among 
the minerals thus formed crystals of tetrahedrite, chalcoeite, 
bornite, chalcopyrite and others have been recognized. At the 
Springs of Bourbon rArchamhault,§ the succession of mineral 


^ Lehrhuch d Ohm. %. Phys Geol,, Second edition, Bonn, 1866, Yol. in., p 
721. 

t Zaikch f Krystallogr. u. Mineral., vol xi , p. 40. 

X Miner u Petrog Mitth v Tsehermak, vol vii , p 535. 

I Oomptes Itendus, yol Ixxx., January- June, 1875, p 1297. 
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coatings around the metallic copper of the com is the exact re- 
verse of the series which has been noted above in copper-mines 
as the normal change in waters by secondary changes , namely, 
next the metallic-copper, first, black copper-glance ; then bor- 
nite , then chalcopyrite 

That the reactions necessary to produce these changes have 
taken place in nature in a certain regular series is, in itself, fair 
ground for assuming that under possible variations of condi- 
tions, the same changes might take place in reversed order ; for 
it is recognized by modern chemists that the reactions between 
two substances which produce two other substances are part of 
a tendency to establish a condition of equilibrium, as it is called, 
between the substances involved, and that this tendency can be 
modified by different conditions of concentration, temperature, 
pressure, etc., so that it is conceivable that the reaction will 
proceed in one direction under one set of conditions, and in 
the reverse direction under another. 

I am indebted to Mr H. IT. Stokes of the U. S. Geological 
Survey for the following concise statement of the present views 
of chemists on this subject 

“ It is now generally recognized by physical chemists that no 
reaction is complete in the sense expressed by chemical equa- 
tions. Every reaction tends to a condition of equilibrium lying 
between the two extremes ; sometimes at an appreciable dis- 
tance from both ; sometimes so close to one that for practical 
purposes the reaction may be regarded as complete. This con- 
dition of equilibrium may be varied as follows • 

“ (1) By an increase of the relative concentration of one of the 
terms of the equation which tends to shift equilibrium to the 
other side This may be effected either by relative concentra- 
tion of one term on the same side, or by removing the reaction 
products as fast as formed. 

“ (2) By an increase of temperature which, besides increasing 
the reaction-velocity, shifts the equilibrium more or less, and 
always toward that side of the equation which contains the most 
energy. The reaction velocity is the speed at which the system 
approaches equilibrium. In some cases this is immeasurably 
great, in others so small as to require ages. It is always more 
rapid at first, slowing down as the reaction approaches equi- 
librium. 
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“ (8) By increase of pressure which shifts the equilihriimi to- 
wards that side of the equation which naturally occupies less 
volume. 

“ (4) By substances foreign to the reaction which may retard 
or accelerate the reaction velocity, without, however, influenc- 
ing the final state of equilibrium (catalytic action).” 

A practical instance of the reversal of the direction of 
chemical reaction is furnished in Yogt’s’’' description, already 
cited, of the famous silver-mines of Koiigsberg, l^Torway In 
these mines silver is in actual bulk the predominating metal 
As mined, it is found mainly in the native state and very largely 
as wire-silver. This vnre-silver, Vogt proves quite conclu- 
sively, IS the result of alteration from silver-glance (argentite). 
He gives drawings of specimens in which the native silver is 
found growing out of a base of silver-glance, and in some 
instances still retaining small particles of glance on the ends 
of the wires. On the other hand, some instances are found 
where the wire-silver has been later changed back to silver- 
glance, the latter retaining the form of the wire-silver Thus, 
three processes are shown in the same mine, the original de- 
position as glance, the change from glance to native-silver, 
and the reversal of this process in the change from native 
silver back to silver-glance. 

Gondvisions . — Until a much larger number of ore-deposits 
have been studied with a definite purpose of determining how 
far they have been subjected to secondary enrichment, it does 
not seem safe to draw any far-reaching conclnsions from the 
observations and suggestions noted above. It has long been 
recognized that the superficial alteration of ore-dcposits has 
often produced a very considerable modification of the original 
constitution of the deposit, and its alteration has so frequently 
been in the nature of an enrichment in the more valuable 
metals relatively to the original tenor of the ores that it has 
given rise to the very hasty decision that all ore-depoaits 
necessarily become poorer in depth, which is almost as unjus- 
tifiable as the old assumption by the miner, that the nearer he 
got to the source of his ore m the unknown depths, the 
richer it would become. 


Qp cut 119 
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The fact that ores under some conditions may be removed 
and re-deposited as sulphides, even below groundwater-level, 
opens a wide field of possibility m accounting for the unusually 
rich bodies of ore that are m some mines found in the middle 
levels, and have been fruitlessly sought for at greater depth. 
In many cases these have undoubtedly resulted from a concen- 
tration of material leached down from the upper portions of the 
deposit as they have been gradually worn down and carried 
away by denudation. Especially in the case of large bodies 
of pyritous ore carrying small proportions of more valuable 
metals, is a concentration of those metals by downward per- 
colating solutions to be looked foi It is, however, not yet 
safe to say that all rich bonanzas in vein deposits have neces- 
sarily been formed in this way. 

Although not yet supported by definite evidence, the im- 
pression is very strong with me that not infrequently the 
ascending currents have also produced migrations of already 
formed deposits and local enrichments undei favoring conditions. 
What these conditions are, and what are the criteria by which 
they may be distinguished from concentrations by descending 
waters, it remains for future investigations to determine 


Hydrographic Investigations of the U S. Geological Survey 
in their Relation to Mining.* 

BY P H NEWELL, WASHINGTON, D C 
(Washington Meeting, Eebraary, 1900 ) 

In 1888 the United States Geological Survey began a system- 
atic examination of the water-resources of the West, comparable 
in character and scope to the study of the deposits of ores or coal. 
As experience was acquired, the surveys were extended to the 
East, until now they embrace representative localities in all 
parts of the United States The object to be attained is to note 
and record the distribution of water-supply, and to learn, as far 
as practicable, the law’-s governing its fluctuations 

Publislied by permission of the Director of the U S Geological Survey. 
Beference should be made to the paper by the author on “Be&ults of Stream- 
Measurements of the United States Geological Survey,” Tims , vol xx., 547 
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TliroiiglioHt a considerable portion of tlie United States 
water is tbe only mineral-substance of economic importance. In 
the drought-stricken regions, land-values rest almost immedi- 
ately upon the q[uestion of obtaining water from beneath the 
surface ; and in other areas, the ability to mine or treat ores is 
governed by the excess or deficiency of the water-supply. 

Mining engineers are interested in water as a mineral, or 
what may be termed a low-grade ore, in two ways * first, to 
get rid of it, where, like the country-rock, it is in the way ; and, 
second, to make use of it, not only indirectly, through the steam- 
engine, but directly, as furnishing cheap power for mining, hoist- 
ing and the reduction of ores. Everything, therefore, which 
throws light upon the movement of water beneath and upon 
the surface, its quantity, and even its quality, becomes at one 
time or another a matter of concern to the mining engineer. 

In undertaking, wuth limited funds, a study of the -water-re- 
sources of the country, it is obvious that a plan must be sought 
which will yield useful returns with moderate outlay The 
United States is so vast, and offers such diversity of topographic 
and climatic conditions, that measurement of rivers in one sec- 
tion gives data of little value concerning another. At the out- 
set, therefore, it has been necessary to consider carefully the 
distribution of field-work so as to secure typical results, and at 
the same time not to diffuse it so widely as to destroy its effi- 
ciency. The one thought in mind has been to lay out the oper- 
ations so that results of practical value could be attained to a 
reasonable degree of accuracy. 

This matter of accuracy has been, and ahvays will be, in in- 
vestigations of this character, a subject for debate and contro- 
versy. At the outset it should be recognized that in the 
measurement of fiowing water above- or underground the pre- 
cision of ordinary engineering operations is not attainable, be- 
cause the quantities to be measured are not fixed, but fluctuate 
to a notable extent, even during the process of measurement. 
"We can ascertain the width of a river by fixing arbitrarily two 
points which shall represent the sides ; but here an assumption 
comes in as to what shall be considered the sides ; and usually 
there is a latitude for judgment of several feet. We can 
measure the depth, if we assume some fixed object as repre- 
senting the bottom. But for the top-surface, even when arti- 
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ficially stilled, there is usually a pulsation ranging in time from 
30 to 60 seconds or more, and giving a vertical oscillation 
through several hundredths of an inch ; so that judgment must 
he exercised here When we come to the velocity, we have 
the widest possible range, not only in different parts of the 
cross-section, but at the same point during successive moments; 
and here, too, judgment must be arbitrarily used. In other 
words, at every step of the operation of measuring a stream 
certain assumptions, which may affect the total by from 2 to 5 
per cent , must be made. 

Engineers, and especially office-men, who spend most of their 
lives compiling and digesting figures, are apt to lose sight of 
these primary assumptions, and, in their desire for accuracy of 
computation, to express results in decimal figures, which, if 
we pause to consider the primary assumptions, are not only 
ludicrous, but misleading. In all questions of original investiga- 
tion, like that of the water-resources of the country, this ele- 
ment of primary assumption must be constantly borne in 
mind in considering the plan of work and the results attained. 
In the practical application of the figures of flow of water 
above- or underground, the tacit assumption is made that the 
results obtained at one time will again prevail If, for example, 
the midsummer-measurements gave a stream-discharge of 100 
cubic feet per second, engineers and others concerned will quote 
this figure and use it in their estimates, although, if they stop 
to think, they will admit that the stream may never again dis- 
charge a precisely equal volume, but that the low water in other 
years, or for an average of years, may be greater or less than 
this one measurement indicates Yet, there are those who will 
recompute the data, and take great satisfaction in expressing 
the measurement as 99 63 cubic feet per second, knowing full 
well that there is an error of plus or minus 2 per cent m the 
results, and that that particular stream may next year discharge 
a half or twice as much at the same season. 

These considerations have been taken into account, and the 
attempt has been made, as above stated, to obtain facts broadly 
representative of conditions prevailing throughout the United 
States, without expending money for the attainment of a de- 
gree of precision beyond the necessities of the case. There is 
room for wide difference of opinion as to the best way of attain- 
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ing this object. In the practice of the survey, localities have 
been selected where the results ivill have a local application to 
problems of development, and at the same time will yield data 
which can be applied to adjacent areas under similar topo- 
graphic conditions. 

The field-work can he divided into three distinct classes 
First, the measurement of surface-streams; second, the survey 
of sites, and the estimation of capacity and cost, of reservoirs ; 
and, third, the study of the quantity and movement of water 
underground. The greater part of the funds available is devoted 
to the measurement of surface-streams, as these have first im- 
portance, both for quantity of water and for industrial appli- 
cation. 

Stream-Measuremen t. 

The practical operations of obtaining the daily flow of a 
stream, as developed by the experience of the Division of Hy- 
drography, extending through twelve years, consist of two 
parts first, the observing and recording of the daily height 
of the water ; and, second, the measurement of quantity of flow 
for difiereiit heights of water, and computation of probable fiow 
at all heights 

As the first step in stream-measurement, a suitable locality 
must he found. This, although apparently simple, is really a 
diflB-Cult matter. Hot only must the actual conditions be favor- 
able, the water moving in nearly straight lines over a solid bed 
and between well-defined banks, but the point must be acces- 
sible at moderate cost, and there must he a competent person 
living near, who can he engaged to serve as observer It is 
usually impracticable to hire a man to stay at a given locality 
to observe the height of water and make measurements, and 
therefore places must he found where some person of reasonable 
intelligence can he employed at from |3 to |6 per month to ob- 
serve and note the height of river once or tmee a day, sending 
to the central office a postal card giving these facts. It is 
often possible to find a place naturally good for stream-meas- 
urement, or to come across a competent observer ; but to obtain 
these in conjunction is comparatively rare. 

When a suitable location for permanent measurements has 
been found, a gauge is established so that the height of water 
can be easily read to tenths of a foot. This may be either 
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Fig. 1. 


Small Electric Current-Meter and Battery. (The Battery has Been Kemoved 
from its Leather Case and the Zinc Drawn Out. The Small Buzzer is not Shown, 
Since it is on the Back of the Leather Case.) 

Pig. 2. 






■ ' i' 






Graphic Representation of the Flow/ in Cubic Feet per Second, of the Rio G 
at Emhudo, K M., from Jan. 1, 1889, to Dec. 31, 1898. 
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a vertical or inclined scale, fastened to a pier or attached to 
supports firmly bedded in the bank If inclined, the gauge 
is graduated, after setting, to vertical tenths of a foot, thus 
affording a magnified reading, which is always at the shore- 
line. Sometimes a wire gauge is used, a weight being lowered 
from a bridge or overhanging support, and the distance noted 
along the horizontally-placed scale Whatever the device may 
be, great care must be taken that it be referred to permanent 
bench-marks, and maintained without alteration. 

From time to time the engineers, or hydrographers, as they 
are termed, visit and inspect the nver-stations, and make 
measurements of the volume of flow by means of current-meters. 
Of these, many forms are m use, preferably those having electri- 
cal sounders, so arranged that every revolution of the wheel 
causes a click or buzz in a small sounder in the hand or 
pocket of the hydrographer Many automatic devices have 
been tried, but in the long run this type, an example of which 
is shown in Fig. 1, has proved most satisfactory. In using it, 
the hydrographer counts and records in a notebook the num- 
ber of repetitions of the sound during 60 seconds. The meter 
is placed in various parts of the cross-section, by suspending it 
from a boat or bridge, or, more commonly, from a car, in which 
the hydrographer sits This is supported by a stout steel cable 
extending across the stream, as shown in Fig. 2. 

From the occasional measurements of discharge there is con- 
structed, usually by graphic means, a table showing the volume 
of flow for each tenth of a foot in height of the water. From 
this table the discharge is placed opposite the corresponding 
height for each day, thus giving the fluctuations of the stream, 
which may be stated in terms of the maximum, minimum and 
mean per month, or given graphically in diagrams. Such a 
diagram is given, as a specimen, in Fig. 3, which shows the 
fluctuations of the Rio Grande at Embudo, Rew Mexico, from 
1889 to 1898, inclusive. If the area drained be known, these 
results can be expressed in units of area and volume, or in 
depth over the entire catchment-basin 

Beserwir-Surveys. 

The volume and fluctuation of a stream being known, it is 
at once apparent that its application to industrial uses can be 
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greatly widened by controlling tlie flow. This is especially the 
case 111 those regions, outside of the glaciated area of the north- 
east, where such natural regulators as marshes and lakes do not 
exist. The TJ. S Geological Survey, in preparing the great 
topographic map of the country, discovers many localities where 
■water might be held by building dams, and the question then 
arises whether such constructions would he justified hy the 
capacity of the regulating reservoirs thus created, as compared 
with their cost. There are often many alternative schemes to 
be considered in reaebinga conclusion Tor this purpose, sys- 
tematic surveys of reservoir-sites have been undertaken, the 
hasin being mapped with contour-intervals of from 6 to 10 feet, 
sulficient to give the capiaeity within, say, 2 per cent. Of the 
locality where a dam might be built a larger map is made with 
greater detail, usually showing contours at 1-ft. intervals 

The question of foundations is usually the most imtiortant, 
and diamond-drills or other apparatus are used to determine 
the character of the bed-rock. There is considerable latitude 
in the character of these reservoir-surveys • in most instances a 
simple reconnaissance and sketch are sufficient to develop 
obstacles such as to render further survey unnecessary Whoii 
it is found that the conditions are favorable, a more careful 
examination is made As a matter of course, if the work is 
finally built, the constructing engineers will probably modify 
some of the features in detail; but the object kept in mind by 
the Geological Survey is to ascertain the larger facts, such as 
will serve for guidance to engineers or investors in considering 
various p)rojects 

The reservoir-sites surveyed or segregated have been listed 
or described in various annual reports of the Survey, beginning 
with the Eleventh. Reference may be made to these volumes 
for details. During the year 1899, surveys in great detail have 
been made of three sites on the Gila river, in Arizona; of one, 
for a large reservoir, in the Hetch-Hetchy valley, on the head- 
waters of Tuolumne river, California, and of several on the 
Rio Grande, in Jifew Mexico. The results of these surveys will 
he given in the Twenty-first Annual Report, if not in earlier 
jmblications 

It is proposed to continue these surveys as rapidly as funds 
may be available, giving precedence to those in which such 
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data have greatest public importance and interest As a result 
of several years’ experience, this office has a corps of engineers 
provided with instruments and equipment, and is doing the 
work, probably, with greater speed and economy than private 
or corporate enterprise could ordinarily achieve in a single 
undertaking of this class The question of expense has been 
carefully considered, and the methods in use have been adapted 
to secure the maximum efficiency at a miinmum cost, with due 
regard, of course, to the importance and the permanent char- 
acter of the results 

The question is frequently asked, whether the United States 
will build such reservoirs That is a subject on which the mem- 
bers of the Geological Survey cannot express an opinion. The 
duty of the Survey is to ascertain the existence of reservoir-sites 
and the cost of storage-works, whether these are ultimately built 
by individuals, by corporations, or by the State or Uederal gov- 
ernment. Some of the reservoirs surveyed or examined have 
already been constructed, others may be; but the most im- 
portant are of such magnitude that they cannot be built except 
by the use of public credit in one form or another It is to de- 
velop these facts that examinations are being made, so that in- 
telligent action can he taken by the people 

In pushing forward these reservoir-suiveys, co-operation is 
sought wherever practicable, as in the case of the topographic 
mapping. 'With several States there is an arrangement by 
which topographic work within the State is pushed forward 
more rapidly than would be possible otherwise the State 
making an annual apj)ropriation in aid of field-expenses , an 
equal or greater amount being spent in field-work by the Geo- 
logical Survey, and the resulting map being prepared and pub- 
lished by the latter, with proper credit to the State authorities 
Such an arrangement was under consideration for the case of 
reservoir-surveys in California during the recent session of the 
Legislature of that State. Should co-operation in reservoir- 
surveys be ofiered by States, and appropriations therefor made, 
it IS anticipated that equal sums will be expended by the Geo- 
logical Survey to hasten the completion of the work within 
those States 

The relation of the Geological Survey to reseivoir-surveys 
may be summed up as follows 
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The Survey was created primarily for the purpose of exam- 
ining and classifying the public domain, including the mineral 
resources and the waters. It is specifically authorized to survey 
reservoir-sites, and to ascertain the extent to which the arid 
region can he redeemed by irrigation It is making general 
explorations for the reservoir-sites, and surveying a few of these 
in detail each year It will extend its operations as fast as funds 
will permit, the work being more rapidly advanced where State 
co-operation can be had Its officers have no concern with the 
question whether these reservoirs are to be built by private 
capital or by public funds, their work being to ascertain the 
facts, such as capacity and cost of reservoirs. 

Ground- Waters 

"While the greater part of the available waters of the coun- 
try occur on the surface, those which are found beneath the 
surface often have more immediate importance to mining en- 
gineers, since these may retard their operations, or, on the 
other hand, may be the object of search In order to study 
these, it IS necessary to know as much as can be ascertained 
concerning the rocks in which they occur, since the quantity 
and movement of the waters underground are governed by the 
porosity and permeability of the rock-layers. It is therefore 
necessary to begin with a study of the nature, position, strati- 
graphical or structural inclination, and physical condition of the 
water-bearing rocks, so far as these factors govern the movement 
of the water This must be done by examining the surface-out- 
crops and well-records, and by experimental treatment of samples 
of the various pervious and impervious materials encountered. 

Under the Great Plains of the United States, where peren- 
nial waters are not to be found, there are layers of sandstone, 
some of which are relatively pervious to water, and which, 
receiving it at their outcrops on the Rocky Mountain flanks, 
transmit it for hundreds of miles The drill — ^penetrating these 
sandstones — allows the water to rise and overflow the surface, 
furnishing an abundance for domestic and municipal use, as well 
as for various industries and for agriculture. Some of these 
sandstones may contain as high as 38 per cent, of their volume 
of water. Broad sheets, like the Potsdam, St. Peter’s, and 
Dakota formations, are in effect storage-reservoirs of vast ca- 
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pacity, containing for every 100 ft. in thickness from 15 to 30 ft. 
in depth of water. In order to make this supply available, it 
IS necessary to know, not only the extent of these and similar 
sandstones, hut also their condition as regards permeability, 
since their texture varies in different localities. A series of 
maps IS being prepared, showing the depth beneath the surface 
of these water-bearing sandstones, and indicating by conven- 
tional colors whether the waters will probably rise to the sur- 
face and form artesian wells. By these maps, the uncertainty 
of deep-well drilling will be to a considerable extent removed, 
and mining engineers ivill be able to proceed in their search 
for underground waters with a reasonable degree of reliance 
upon the practicability of obtaining the needed supply. 


A Peculiar Clastic Dike near Ouray, Colorado, and its 
Associated Deposit of Silver Ore.'*^ 

BY F L. RANSOME, WASHINGTON, D 0 
(Washington Meeting, Febiuary, 1900 ) 

The dike here described is exposed in the workings of the 
Wedge and Bachelor mines, on the southern side of Bed Canon, 
north of the town of Ouray, Colorado. Its course is north 80° 
east, or nearly east and west, and it hades to the north about 10°. 
It rarely outcrops, and was nowhere seen at the surface near the 
mines. A specimen collected by Dr. A. C. Spencer about two 
miles to the westward, near the mouth of Red Creek, indicates, 
however, a probable exposure of the dike near this point. 

The Wedge and Bachelor mines lie in a nearly horizontal 
series of fine-grained, light-grey sandstones, alternating with 
beds of very fine-grained shale of the same color. The shale as 
encountered underground is unusually compact and massive, 
but weathers readily on exposure, and sphts much after the 
manner of ordinary shale. When fresh it closely resembles 
some finely arenaceous limestones, but it does not effervesce 
with acids, and is essentially a fine, indurated, siliceous silt. 
Rear the surface, and near the top of the sedimentary series as 


Published by permission of the Director of the TJ S. Geological Survey 
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exposed in the vicinity, is a bed of black shale, which I was 
informed by the foreman of the "Wedge has a local thickness in 
the shaft of about 100 feet, with beds of sandstone about 25 
feet thick above and below The exact geological age of the 
sediments in -whieli the mines are working has not yet been 
determined. They are stratigraphically above the Dolores for- 
mation (Triassie) and below the San Mignel conglomerate 
(Eocene). Their general dip is southeasterly at an angle of 
about 10®. 

The dike occupies a fault-fissure which cuts the nearly hori- 
zontal sandstones and shales. The dislocation was effected by 
normal faulting with a throw of apparently only a few feet. 
The width of the dike varies up to three feet, and is fairly reg- 
ular. It sometimes splits, sending ont long wedge-like tongues 
into the country-rock, or, coming together again, encloses a 
horse^’ of shale or sandstone. 

The materia] of the dike, commonly spoken of as “ porphyry’^ 
by the miners, is a clastic rock of striking appearance It 
consists of very abundant fragments of black shale and a 
smaller number of light-colored fragments and pebbles, all ce- 
mented together by a light grey matrix. The particles of shale 
are usually flat, and in the majority of cases lie with their 
greater dimensions parallel to the walls of the dike (Fig. 1) 
This is particularly true near the contact, where the pieces of 
shale exhibit deformation and other evidence of pressure. 
The flakes of shale vary much in size, the largest in the hand- 
specimens collected being 6 cm. in greatest diameter and 4 mm. 
thick. The light-colored fragments embedded with the shale 
in the grey matrix comprise more or less rounded pebbles, con- 
sisting of a fine saccharoidal aggregate of guartz. The matrix 
in which these fragments lie appears to be made up of the same 
materials as the latter, only much more finely comminuted — ^to 
have been, in fact, a fine mud composed of broken-up shale, 
both black and light grey, and sandstone. Examined under 
the microscojie, this gray matrix is seen to consist of minute 
flakes of shale often showing deformation by pressure, and nu- 
merous angular grains of quartz of various sizes down to two- 
or three-hundredths of a millimeter in diameter. A few of the 
large quartz grains are aggregates and appear to he particles of 
vein quartz. There is some sericite present, and an indistinct 
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cloudy material which seems to partly fill the roU of cement. 
This is not a carbonate, as might have been expected, but is pos- 
sibly barite. 

The contact of the dike with the walls is perfectly sharp, 
and it is not difficult to secure both rocks in a single hand 




Diagram showing General Belations of the Red Canon Clastic Dike, Ore-De- 
posit, and Enclosing Sandstones and Shales. Transverse North and South Section 
across the Dike and Vein. Width of dike greatlf exaggerated to show structure. 


specimen. Frequently, however, there is a thin clay seam or 
gouge between dike and walls, snfficient to cause easy separa- 
tion in mining. 

In its relation to the enclosing sandstones and shales the 
dike simulates perfectly the behavior of an igneous dike in- 
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triided under pressure, although there is, of course, no thermal 
contact metamorphism of the wails. In whatever manner the 
filling material was first conducted into the fissure, it is evident, 
both from the phenomena of intrusion and from the internal 
structure of the dike-rock itself, that it was subsequently sub- 
jected to very considerable pressure. This pressure was suf- 
ficient to force the material into all the ojieii crevices, and to 
cause such flowage in the filling mass that the thin flakes of 
black shale were rotated into an approximately parallel orienta- 
tion with the walls, and were in some eases bent, fractured or 
drawn out into lenses. 

As previously noted, the dike is not exposed on the surface, 
and the first discovery of it, and of the associated ore-body, was 
in a tunnel run on the Bachelor claim, apparently with the 
general object of prospecting the hill-side. The Wedge mine 
joins the Bachelor on the west, and is worked through a shaft 
which was sunk to strike the continuation of the vein found in 
the Bachelor. The present depth of this shaft is about 630 
feet. About 100 feet below the surface a short drift has been 
run in the bed of fissile black shale previously referred to. 
These shales are cut by the fault-fissure and locally crumpled 
and broken ; hut the fissure is pinched, and neither dike nor 
ore occurs in the black shales as far as prospected. Brom the 
bottom of the black shale, however, down to the lowest level 
attained in the mines, 730 feet, the dike is a constant and 
characteristic accompaniment of the ore, and is the unfailing 
guide followed by the miners. The Bachelor mine is worked 
through a tunnel which cuts the dike near the 600-foot level of 
the Wedge. A shaft has been sunk in the Bachelor 100 feet 
below the tunnel level, hut without revealing any change in the 
character and regularity of the dike. 

The origin of the dike appears to be dedncible from the facts 
presented. A fissure was formed, accompanied by some fault- 
ing, and was filled, chiefly from above, by fragments of the 
soft fissile black shale, which does not occur in the strati- 
graphieally lower beds exposed in the immediate vicinity, and 
partly by material from the lower light-colored beds forming 
the present walls. The fragments from both sources were well 
mixed together, and probably formed a stiff mud crowded with 
fragments of shale. Subsequent to the filling there must have 
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been sufficient movement and pressure to bring a niajonty of 
tbe shale flakes lying near the walls into parallelism with the 
latter. The hypothesis that the shale fragments, instead of rail- 
ing into a partly open fissure, were dragged down by the move- 
ment of faulting, has not been overlooked. It is probable that 
some such action took place, but it cannot alone account for the 
great abundance of fragments of black shale more than GOO 
feet below the lowest horizon at which these shales occur, 
unless there is postulated a fault of at least 600 feet throw. 
It IS not impossible that there actually was a fault of tins extent, 
followed by a reversal of the movement, but for this there is 
no direct evidence. Moreover, black shales may occur in the 
carboniferous strata which are probably present beneath the 
red-beds of the Trias. But it seems very unlikely that frag- 
ments of black shale identical with that of the upper bed 
should have come up from such great depth through the 
whole thickness of the red-beds 

Bissures filled with indurated sand — the so-called sandstone 
dikes ” — are by no means rare, and have been described by 
many observers in various parts of the world In many casos^ 
such as the sandstone dikes found cutting granites by Cross* 
in Colorado and by Xlssingf in Denmark, tbe filling material 
evidently came from above, and was forced downward into the 
fissures. In the case of the sandstone dikes cutting bTeocomian 
clays in Russia, as described by Pavlow, j. it is demonstrated,, 
through the evidence of fossils, that the sand-filhng came from 
above. Strickland, § Darwin|| and R. D. IrvingTf have all de- 
scribed similar sandstone dikes, which they regarded as fissures 
filled from above Diller’'* has given a very tborongh descrip- 
tion of sandstone dikes cutting Cretaceous sandstones and shales 
in California. His conclusion was that they were injected 
from below, in the form of quicksand, into fissures in the 
overlying beds probably produced by earthquake shocks. 

The various sandstone dikes above referred to are all com- 

* Bull Geol. Soe Am , vol v , pp 225-230. 1893 
j- ‘ ‘ Geological Survey of Denmaik,” Pait II , No 10, 1899 
J Oeolog 2£a(j , JSf S , Decade IV., vol iii , pp, 49-53- 1896. 
g Tram Oeol. Soc., London, Sei II., vol v , p 599 1840. 

11 “Geolog Observations on Coial Beefs," etc. 1851 Pt. III., p. 150 
if Z7 aS Geol. Sur , Monocj v , pp. 140, 292-293 
** Bull Oeol Soc. Am., Yol i , pp. 411-442. 1890 
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posed ol more or less well-ronncled sand grains, with, but few 
angular particles The present dike, while of the same general 
class, cannot bo called a sandstone dike, as it is composed of 
angular tragments of shale and rpiartz of widely varying sizes. 
It seems best to refer to such intrusions as elastic dikes, being 
careful to avoid using this term for possible igneous dikes, which 
have 1)0011 breeciated by movement prior or subsequent to final 
solidification. 

Clastic dikes, apparently showing close similarity to the one 
forming the subject of the present note, have been described by 
Bela von Tiikey ^ in the celebrated mining district of ISTagy^, in 
Austria. Those Glauchgange, or more briefly Glaueh{a,vrovdi mean- 
ing barren or unprofitable), as they are called by the Austrian 
miners, are abundant in the vicinity of the ore-bodies. They 
show great diversity of strike and hade, and their intersections 
prove that they belong to at least three ditierent periods of for- 
mation They vary from the thinnest sheets up to 60 feet in 
width, and are composed of angular fragments of the adjacent 
country-rock, embedded in a fine, sandstone-hke matrix The 
size of these fragments is roughly proportional to the size of 
the dike m which they occur. They may be 2 or 8 feet in di- 
ameter. The di]?;os arc older than the ore-bearing veins, and 
are often cut by the latter. The veins sometimes run alongside 
of and parallel with the Glauchgange The origin of these curious 
dikes has been discussed by von Groddeck, PosepnjT and others 
Von Inkey advances the convenient but scarcely well-supported 
opinion that they are actual intrusions from mud volcanoes. In 
the general character of their filling the Glauchgange show some 
resemblance to the Colorado dike. Their origins, however, may 
be somewhat different, and have certainly not been proved iden- 
tical. According to von Inkey, similar dikes occur in other 
mining districts in Austria, notably at Vordspatak, where they 
are locally termed Glamm, The doiokies of Wales may also be 
analogous phenomena. It is evident that it may, at times, be 
difficult or impossible to draw a sharp distinction between a 
fissure filled iii the manner described for the Bed Canon dike 
and an indurated fault-brcccia. In fact, all gradations are con- 
ceivable between the processes involved and between the results 
attained. 


“ Nagydg und Seme Erzlagerstatten ” Budapest 1885. pp 146 etseg 
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It is interesting to note, in this connection, that the ability to 
take the form of an intrusive mass is limited neither to igneous 
rocks nor to clastic dikes of the kind described, but may be as- 
sumed under certain favorable circumstances by various asphal- 
tic compounds, as in Southern California,'*- Utahf and elsewhere 

As far as is known, the strictly sandstone dikes hitherto de- 
scribed by various observers have not possessed any economic 
importance. The Red Canon dike, however, has an added in- 
terest and significance in that it has determined the locus of a 
workable ore-deposit, and is a valuable guide to the miners 
in the exploitation of their ore-body. It thus resembles still 
further the occurrences of hTagyag 

The ore associated with the dike is essentially a high-grade 
silver-ore, in which the important mineral is argentiferous te- 
trahedrite, or freibergite, accompanied by galena and a little 
chalcopyrite and sphalerite. The gangiie of the richest ore is 
chiefly barite, although some quartz occurs. The deposition of 
the ore, although genetically connected with the dike, was sub- 
sequent to the formation of the latter. It occurs sometimes on 
one side, sometimes on the other side, and occasionally within 
the body of the dike Its more common position is between 
the dike and the adjacent country-rock, and it is usually, al- 
though not always, adherent or “ frozen ” to its walls. It occurs 
sometimes m a vein 6 to 8 inches wide, and sometimes in a 
breccia zone wherein the ore surrounds angular fragments of 
dike and country-rock. 

In the course of working the ore-body, the minors have de- 
veloped the fact that the dike is faulted in more than one place 
by bedding-faults which, as far as observed, have resulted in a 
movement of the upper portion of the dike northward relatively 
to the lower portion. 

Thus in stoping upward the dike is sometimes found to 
end abruptly. The ore, however, is not cut off, but turns sud- 
denly into a flat seam or “ roll,” which may be followed from 
10 to 20 feet before it again resumes its nearly vortical attitude 
and the dike reappears. The general relation of dike, country- 
rock and ore is indicated m the accompanying diagrammatic 
figure (Fig. 1.) This is not an accurate section of any single 

* E W Hilgard, lOik Ann Bept Cal State Mining JBw eau, pp 763-772. 1890 
t G. H Eldndge, 17th Ann Kept U S GeoL Sur Part I , p 938 1897 
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portion of tlie Wedge or Bachelor vein, but merely a gener- 
alized explanatory sketch. 

The ore is not strictly confined to the dike itself, but fre- 
quently runs off for some distance as thin, nearly horizontal 
sheets, lying between the beds of sandstone and shale. There 
is in these cases no trace of replacement of the material of the 
beds. The ore has evidently been deposited in narrow open- 
ings formed by movement of the beds upon each other. Such 
ore-sheets are seldom more than 6 cm (2f inches) thick, but 
fire generally high grade. 

Ill general, the deposition of the ore is definitely confined to 
the planes of fissurmg and movement There is scarcely any 
evidence of mineralization or local alteration of the wall-rock, 
such as IS rarely absent wherever productive veins traverse 
Igneous rocks. Minute specks of ore can occasionally be de- 
tected in the body of the apparently unfractured portion of the 
dike, but they are insignificant, and the dike-rock presents a 
remarkably fresh and unaltered appearance when its close rela- 
tion ship with the ore is considered 

From the position of the ore and from the fact that it often 
includes small fragments of the dike-rock, it is seen to be younger 
than the dike The dike had been formed and somewhat 
indurated when the rocks again yielded to stress in such a way 
as to produce movement of small extent, and openings of mod- 
erate dimensions, chiefly along nearly horizontal strike faults 
and along the line of the dike. These openings were filled 
with ore deposited by solutions which, it is supposed, from 
analogy with other deposits, came up from sources mainly 
situated at some unknown depth below. 

In a deposit of this unusual character, closely associated 
with a dike filled from above, the question of the permanency 
of the ore-body down to the practical limit of mining becomes 
a particularly important one The fact that the fissure is also 
a moderate fault, and the great regularity of the dike for the 
vertical distance of 700 feet, already explored, both argue for 
the continuance of the deposit to a considerably greater depth 
than that now reached in the mines. But the possibilities for 
interruptions and irregularities in such an ore-deposit as it is 
followed downward are so numerous as to make any prediction 
unsafe. It is likely that at three or four hundred feet below 
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tile present workings the coarser sands and conglomerates ot 
the red beds may he encountered, an entirely different set of 
conditions may there obtain, and the ore change its character 
or be lacking entirely. Questions of this kind are usually 
sufficiently difficult to answer, even when the geology of the 
region has been thoroughly investigated. In the present case 
the necessary data are lacking 


Some Notes on the Nome Gold Region of Alaska. 

BY P. 0 SCHRADER AND ALFRED H BROOKS, WASHINGTON, D. 0. 

(WasLmgton Meeting, February, 1900 ) 

Last fall (1899) we had the good fortune to be able to spend 
a few weeks in the new placer gold-mining region of Alaska, 
which is known as the Home region. Cape Home, after which 
the region has been named, and which forms the southeastern 
corner of the Home Mining District, is an unimportant prom- 
ontory on the southern coast of the Seward Pcmiisula (sec 
map, Dig. 1) The name Seward has recently been given to 
the great peninsula which forms the northwestern extremity of 
Alaska. To the north of it is the Arctic ocean, to the south 
Bering sea, while its westernmost extremity, Cape Prince of 
"Wales, is separated from the Asiatic coast by the Bering straits. 

The coast line of the peninsula is of a cuspate character, con- 
sisting of a succession of sandy, crescent-shaped beaches and 
rocky headlands. The interior has been but little explored ; 
but we know that it is comparatively rugged, the higher moun- 
tain peaks rising probably from 4000 to 5000 feet in elevation. 
The mountains have an easterly and westerly trend, and the 
water-shed between the two oceans probably nearly bisects the 
peninsula. At Golofnin bay, the southeastern part of the Sew- 
ard peninsula, some spruce is found, but to the west the region 
is entirely timberless, except for a sparse growth of stunted 

* Published by permission of the Director of the U S. Geol. Suryey A more 
detailed account of this region is now in print, entitled ‘ ‘ Pi eliminary Report on 
the Cape Nome Gold-Region, Alaska,’’ by Frank C. Schrader and Alfred PI. 
Brooks Senate Document No 236, 56th Congress 
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alder and willow, found near the streams. The l^ome region 
proper includes an ill-defined area in about the center of the 



southern margin of the Seward peninsula, 100 miles southeast 
of Bering straits. (Compare map, Fig. 1.) 

Here a crescent-shaped, moss-covered plain stretches inland 
from the coast, having an extreme width of 4 to 5 miles. 
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Cape Kome forms its eastern, and West Point its western apex. 
To the north this plain is broken by a succession of terraces, 
the highest one of which merges with the rounded slopes of 
the mountains. The drainage of the region is taken to the 
Bering sea by several streams of considerable size, which have 
broad valleys with gently rising slopes. In their lower courses 
these rivers meander sluggishly through the tundra plain 
The streams tributary to the rivers have narrow valleys, while 
the gulches are usually sharply cut The mountains, rising to 
1000 to 1500 feet, have rounded moss-covered slopes, broken 
here and there by rock cliffs A striking feature of the topog- 
raphy is a series of benches and terraces w’^hich occur in the 
plain and on the mountain slopes. The lowest of these is the 
coastal plain, which is about 30 feet above tide water Al^out 
2 miles inland is another hench, about 100 feet in elevation, 
and we observed them at varying intervals up to about 1200 
feet 

Our short visit to the hfome region did not permit of working 
out any details of the bed-rock geology The commonest rocks 
are thinly-bedded blue limestones and quartz mica schists, which 
are found interhedded, and are both undoubtedly of clastic 
origin These rocks are often locally much metamorphosed, 
the blue limestone being changed to a marble and the schist to 
a thinly laminated mica schist. Besides the limestones and 
schists we also found a belt of gneisses and mica schists, whose 
origin IS doubtful. 

The senes is closely folded, often much sheared, and has vary- 
ing dips The usual strike is about northeast and southwest. 
There is a marked absence of intrusive rocks in the region 
studied by us. In only one instance did we find a dike, and 
tbis was of an aplitic character and but a few inches wide. 
The beach-gravels at ITome often contain pebbles of granite 
and other igneous rocks, but we did not find these rocks in 
place. Prospectors report a large area of granite some 10 or 
12 miles inland. 

In the Home region the rocks are much jointed and fissured. 
Quartz and calcite veins, often containing sulphides, are com- 
mon. In some localities the mineralizing solutions have pene- 
trated throughout the rocks 

From the standpoint of the gold-seeker the most interesting 
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formations of tlie region are tlie gravels These are found 
forming stream terraces along the creeks and marine terraces 
in the tundra, and on the mountain slopes. Their presence 
indicates a gradual elevation of the entire area. The pebbles of 
the gravels, as far as we have observed, can usually be traced 
to some local source. 

Gold 

The gold of the Nome region has, so far, all been obtained 
from placer-deposits which can be conveniently grouped as 
gulch-placers, bar-placers, beach-placers, tundra-placers, and 
bench-placers. During the past season only those of the gulch 
and beach have been important gold-producers. No facilities 
were available for exploiting the tundra-deposits, and the 
benches have not, as yet, been investigated. 

The amount of gold produced during the past season cannot 
be definitely estimated 'While there are, as a rule, fairly re- 
liable data, as to the production of the gulches and creeks, the 
amount taken from the beach can only be roughly approxi- 
mated Droin the best information we could gather, we be- 
lieve that the production of gold of the entire belt during the 
season of 1899 approaches |3,000,000. 

The coarse gold, as far as present developments show, is 
largely confined to the creek- and gulch-diggiugs, ranging from 
the size of a pm-head to nuggets weighing several ounces 
Two have been found on Anvil creek weighing 20 to 25 ounces. 
Much of this gulch-gold is about the size of No 3 shot, while 
nuggets from one-half to one ounce are not uncommon. It is 
probable that much of the fine gold is lost by the more or 
less primitive method of extraction now in use 

The gold IS usually rounded, and often smoothly polished 
In color it is rather dull, and somewhat resembles tarnished 
brass. The nuggets are round and sub-angular, but seldom flat. 
Small vitreous quartz masses are not unfrequently found at- 
tached to the nuggets. 

Gulch-Plaeers — The creek gold usually occurs on, or very 
near, bed-rock under a thickness of 5 to 8 feet of gravel. In 
the diggings, the pay-streak is of varying thickness, but the 
gravel usually carries some gold, or at least “ good colors,” from 
the surface down The flood-plain or gravel deposits of the 
stream in or beneath which the gold occurs, measured from 
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rim-rock to rim-rock, varies from 20 to several kundred feet 
in width Oil different creeks. A cross-section of the gravel at 
any given point would show the gold not evenly distributed, 
but more or less gathered into zones. This pay-streak trends 
parallel with the creek valley. It is not necessarily continuous, 
but often occurs in detached pockets which are sometimes very 
rich. 

The gravels occurring with these placers vary from medium 
size to fine, and are usually poorly assorted, with indistinct 
stratification. In the area examined by us on Anvil and 
Glacier creeks, the pebbles were chiefly limestone and mica 
schist with much ealcite and quartz of vein origin. All of 
these were frequently found to be highly mineralized In 
washing the gravels of the gulches and the creeks, much riiby 
sand and black sand is obtained The former is chiefly garnet 
and the the latter magnetite. These minerals having a high 
specific gravity are concentrated with the gold in the pay-streaks. 

Bar-J?lacers . — ^In the lower reaches of the Snake river, and 
of the other large streams, gold is reported to occur on the 
bars, also in apparently workable quantity It is here much 
finer than in the creeks and gulches, but not so reduced as that 
m the beach So far as we learned it is variously mingled 
with the gravels and the sand constituting the bars, and, like 
them, was deposited by the rivers and streams which brought 
the material down from the creeks and gulches. It was on 
the bars of Snake river that the hTome gold was first discovered. 

JBeaeh-Plaeers . — Normally in the beach-deposits there is fine 
gold, gold-sand, and some flake-gold. The particles are much 
rolled and flattened, and range in size from that of a small pin- 
head to dust- on: flour-gold. With only the crude appliances for 
separation at hand during the past season little of the flour-gold 
has as yet been saved Small nuggets amounting to about 
|1 50 in value have been found but are relatively rare. 

The beach-gold, when separated, is bright in color, having 
much the appearance of fresh brass or gold filings, and is 
usually of uniform grain It is of irregular shape, usually 
flattened with rounded surfaces, and bears evidence of the 
grinding action of the surf which reduced it to its present fine 
state. 

This beach-gold occurs in the beach-placers, a strip of com- 



NOTES ON THE NOME GOLD REGION OE ALASKA. 


241 


parativelyfine gravels and sand, 100 to 150 yards wide, extend- 
ing parallel to the shore between the frontal edge of the tnndra 
and the water-line In the Nome region it has heen found in 
the beach from a point a mile east of the town westward for 
some 10 or 12 miles. Beach-deposits were also reported from 
other localities along the southern margin of the Seward 
Peninsula. 

The richest pay-streak of the beach-deposits usually lies on 
what is locally called “ bed-rock.” This is a tenacious clay of 
varying consistency. It is normally blue in color, but is often 
stained yellow by iron, and frequently contains some carbon- 
aceous matter and some sandy matter. The clay varies in depth 
from a few inches at the edge of the tundra to 6 or 8 feet near 
the water lino It seems to be a bed which dips gently toward 
the sea. It should be noted, however, that it was not definitely 
determined that this bed-rock is in all cases the same stratum 
of clay, for such clay-beds are likely to occur anywhere in the 
gravels. 

The strata above the clay-beds consist of well stratified ruby 
sand, black sand, fine gravels and sands, with occasional layers 
of shingle. The pebbles are of the rock types which have been 
described, as well as of calcite and quartz. As in the case of 
the pebbles of the gulch gravels, these frequently show some 
mineralization. 

The gold lying on the clay “ bed-rock ” is not evenly dis- 
tributed, but occurs in more or less concentrated patches The 
thickness of the pay-streak is a variant of the methods used 
in extracting the gold. With the crude methods employed 
by many of the miners only the richest portion of the pay- 
streaks are worth working. This includes, in some instances, 
only the scrapings of the upper surface of the clay-bed, in 
others, several inches of the overlapping gravels. The pay- 
streaks vary in width from a foot to several yards , can often be 
traced in more or less disconnected patches from near the 
tundra to low tide , and their longer axes seem to he at right 
angles to the shore-line. This trend is propably ascribable to 
the concentrating action of the waves and possibly to the tide 
when the gold was deposited. The gold has been found from 
the grass roots of the tundra to low tide. There is a strong 
probability that this deposit extends seaward, but as yet we 
have no decisive evidence on this point. 
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The richness of the beach-placers is very variable. Nearly 
all the beach-sand carries some colors, and we have seen as 
much as one dollar to the pan obtained from the pay-streaks in 
several localities. As above described, the richest pay-streaks 
of the beach lie on or close to the clay-beds Another mode 
of occurrence is in the thin layers of ruby sand and black sand 
which occur interstratified along with the beach-gravels. The 
position of such layers, which rarely exceed two in number in 
any given section, is usually toward the base of the section. 
The pay-dirt from the ruby sand layers consists chiefly of fine 
garnets and magnetites, with a few vitreous and rose-quartz 
grains 

Tundra-Placers . — ^As has already been stated, the coastal 
plain or tundra is underlain by gravels similar in character to 
those of the gulches and the beach There is every reason to 
believe that these gravels are gold-bearing, though they have 
as yet received but little attention from the prospectors. As we 
have already noted, “pay-dirt” has been found a few inches 
below the surface at the edge of the tundra near Nome. This 
is the only fact in regard to gold in the tundra which we 
could verify by personal observation. 

The following section. Fig 2, of the tundra-gravels is compiled 
principally from information furnished by prospectors and 
miners, and must be considered as of approximate accuracy only. 
iThderneath the dense and spongy growth of moss and grass is a 
layer of dark brown or black peat, varying from 2 to 20 inches 
in tnickness. This peat is usually of a coarse fibrous character, 
and^s formed principally from moss and grass by vegetable 
deeayN Below the peat a layer of blue tenacious clay about a 
foot in thickness is usually found. This rests upon stratified 
sands and gravels, and includes considerable white sand, similar 
to that of the beach. There are also a few thin layers of ruby 
sand and black sand, occurring at irregular intervals, that often 
carry gold in commercial quantities. These are usually found 
resting upon a blue or yellowish clay of a tough impervious 
character, which is often termed bed-rock by the miners. 

The hard or true bed-rock is reported to be a soft sandstone 
or mica-schist. These lithologic terms are used rather loosely 
by the average miner, and we believe that the same bed-rock 
senes exposed in the gulches underlies the gravels of the tun- 
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(Ira. Where this bed-rock has been reached, it is usually at a 
depth of from 20 to 40 feet. It must not be inferred that this 
IS a measure of the average thickness of the tundra gravels, as 
the test-pits from which data were obtained were too few in 
number It is not impossible that the tundra-gravels may, in 
many localities, exceed 100 feet in thickness. While no system- 
atic prospecting of the tundra-gravels has yet been undertaken, 
some test-pits have been sunk which have shown very favorable 
indications of gold The localities of these test pits are all 
within a few miles of Nome , and they have yielded from 1 J 
cents to 35 cents to the pan 

Bench-Plaoers . — The bench-placers of the region have, as far 
as we know, received little or no attention from the prospectors. 
Some of the low benches near the creeks have been shown to 
yield gold , but the higher benches and terraces have been dis- 
regarded, chiefly, it seems, because of the difliculties in obtaining 
water. As has been explained, these benches and terraces have 
a similar origin to that of the tundra-plain, and as their material 
has a similar source, they are likely to contain gold. Whether 
this gold is sufficiently concentrated to prove of commercial 
value IB a question for the prospectors to settle. A good num- 
ber of bench-claims have been staked, and it is to be hoped that 
the assessment-work of this year will throw more light on this 
subject. 

Yeins . — In a new region, like that of Nome, the prospector 
naturally turns first to the deposits which will yield immediate 
profit, and therefore vein- or quartz-mining receives but little 
attention. In the arctic region, moreover, prospecting for min- 
eral veins is much impeded by the thick coating of moss which 
covers most of the surface of the country We have, therefore, 
but little definite information in regard to mineral veins of the 
region. 

In the discussion of the geology, we noted that the limestones 
and mica schists contain many quartz and calcite veins which 
are frequently mineralized. We observed both copper and iron 
pyrites in these veins, and we have it on good authority that 
gold-bearing quartz veins have been found in the region. The 
placer-gold, as we have noted frequently, has small grains of 
quartz attached to it. In the beach-gravels, rounded fragments 
of ore are occasionally found, consisting chiefly of copper and 
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iron pyrites. One of these (assayed for this office byE, E Bur- 
lingame of Denver, Colorado) yielded 0.12 ounce of gold, with 
a trace of silver, to the ton 

As far as it goes, the evidence points to a derivation of the 
gold from the mineralized veins and country-rock above de- 
scribed. We wish to emphasize this, because of the popular 
idea that the Isfome placer-gold has been brought from great 
distances by the action of ice, or through some convenient con- 
vulsion of nature 

Origin of Beach-Placers — The beach-placers are of such 
interest and importance to the ETome region that we deem it 
best to add some more detailed account of their origin. An 
examination of the accompanying sections (Figs. 2 and 3) will 
show that the beach-deposits are largely a concentration of the 
gold carried by the gravels and sands of the tundra The waves 
are constantly cutting away the base of the bluff that nearly 
everywhere forms the tundra on the seaward side (Figs. 2 and 
3). As the material is thus eaten away the gravels and sands 
are carried seaward by the undertow, while the gold, because 
of the greater weight, is left on the beach. It will woik its way 
downward more or less in the loose sands near the water-line, 
and may subsequently become buried. This action undoubt- 
edly took place at former stages of elevation of the coastal plain ; 
and we would ex]oect to find lines of old beaches in the tundra. 
This should be borne in mind in considering the possible com- 
mercial value of gold-deposits in the tundra gravels. Only 
along these old shore-lines or in the bars of abandoned stream 
channels should we expect to find it as concentrated as it is 
on the present beach. 

The amount of gold in any given stretch of the beach may 
be used as a rough criterion of the gold-contents of the tundra. 
An examination of Fig. 3 illustrates this point. The gold in 
the beach-placer should be roughly equivalent to the amount of 
gold disseminated in that part of the tundra which has, by the 
cutting action of the waves, furnished the gravels for this beach 
placer. 

Other Gold-JDistncts of Seward Peninsula . — Of the other gold- 
districts of the Seward Peninsula we know nothing from per- 
sonal observation. The Solomon river and Bonanza river re- 
gion, east of FTome, is said to afford good prospects for gold. 
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The Golofiiin bay district, still farther east, has produced gold 
ill commercial quantities. Gold is said to occur on the rivers 



of itrorton bay, and also on the ITnaelick and on the headwaters 
of the Anvik rivers. To tlie northwest of IsTome gold has 
been reported from the Cape York region near the Bering 

VOL. XXX. — 16 
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straits The geographical position of these different localities 
suggests that they may belong to the same gold-belt. Our facts 
as yet are not sufficient to prove this, and it must he simply 
regarded as a working-hypothesis. Should subsequent devel- 
opment and investigation show that the gold of all these districts 
of the Seward peninsula is derived from the same senes of 
rocks, the gold-mining-region will embrace an area of at least 
four or fire thousand square miles "We do not wish to imply 
that if this proves to be the case, this entire region will con- 
tain workable deposits, but would simply regard it as an area 
worthy of investigation by the prospector. 

Gold was first found on the Peninsula on Golofinn bay many 
years ago. The discovery m the hTome region was made on 
An vil creek, September, 1898, by Messrs. Lmdebloom, Linde- 
herger and Prynston. The season was then too far advanced 
to permit of any development work or extensive investigation , 
hut there was considerable infiiix of miners from Golofiiin hay 
and from St Michaels and Anvil creeks, and many of the ad- 
jacent streams were staked 

During the following spring (1899) the news reached the 
other mining camps of the Yukon, and during the summer and 
fall a general stampede to Nome took place. The hoach-plaeers 
were discovered in July, 1899. Outside of Alaska the first news 
of these gold-deposits was received with considerable incredu- 
lity, for the public had been too often humbugged with reports 
of rich finds in the Territory , and on this account there ivas no 
large influx of prospectors from outside of the Territory. The 
splendid market offered at Nome for lumber, coal and provis- 
ions was neglected by the merchants and trading companies 
until late in the fall. When the steamers left Nome last fall, 
lumber was selling at from |200 to $300 a thousand, and coal 
at I'Zfi to |100 a ton, and the price of provisions was in propor- 
tion 

During the early part of the summer of 1899, the develop- 
ment of the diggings was much hampered hy lack of machin- 
ery and lumber, and hence the output is not nearly as great as it 
might have been under more favorable conditions. The boach- 
diggmgs, according to the rulings of the local federal author- 
ities, were not allowed to be staked, and offered spilendid oppor- 
tunities for individual prospectors. Any one possessing a rocker 
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and a sliovel was permitted to go to work, and the yield varied 
from |10 to $50 a day. On this account wages were very high, 
and It was difficult to get a miner to work in the gulch-diggings. 

The town of hTome, which is the center of distribution for 
the region, is situated on the coast, at the mouth of Snake river 
It IS about 100 miles north of St. Michaels, and some 2700 miles 
by steamer route from Seattle It has a population of several 
thousand, and is provided with newspapers, hospitals, city gov- 
ernment, etc. The sanitary conditions left much to be desired, 
and during the fall of last year an epidemic of typhoid fever 
was raging. 

The Home mining region, as well as the others of the Seward 
Peninsula, is but a few miles from tide-water, and hence easily 
accessible The open season extends from about the middle of 
June to the first of Hovember, while during the rest of the year 
the shore ice, which extends out from the coast some 6 or 6 
miles, prevents landings being made from vessels Communi- 
cation can, however, be kept up with the outside world during 
the winter by means of dog- and reindeer-sleds 

The chief disadvantage of the Home region, compared with 
the other mining districts of Alaska, is the absence of timber. 
The supply of drift-wood, -which is at present abundant along 
the shore, will soon be exhausted. 

Another serious drawback is the difficulty of landing at 
Home, There is no harbor, and vessels, on account of the shal- 
low water, are forced to anchor half a mile or more from shore. 
Preight and passengers are landed by means of barges in the 
surf Most of the barges were wrecked during the course of 
the summer and fall, which involved heavy losses to the steam- 
ship companies. 
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Notes on the Gold-Mines of Zaruma, Ecuador. 

BY J RALPH FINLAY, COLORADO SPRINGS, COLO. 

(Washington Meeting, Fshruaiy, 1900 ) 

In latitude 4° S , ahout fifty miles from the Pacific, and in 
the amphitheater on the west flank of the Andes, which is 
drained hy the river Tnmhez, is the ancient town and mining 
district of Zariima The town is picturesq^ne in the extreme, 
perched on a ridge 1800 feet high, between two lovely moun- 
tain rivers, looking out upon neighboring hills and valleys 
clothed in rich green, relieved hy many hamlets roofed in red 
tiles, and, at greater distances on all sides, upon mountain 
slopes of gloomy forest crowned hy the bare summits of the 
Andes. 

General Description. 

The gold-mines, discovered in 1549, were worked extensively 
hy the Spaniards in the 16th and 17th centuries, until their 
success was curtailed hy the exhaustion of the oxidized surface- 
ores, and the uncovering of the refractory and hard ores under- 
negth. The industry slowly declined until it was nearly or 
quite at a standstill in 1878, when an unfortunate English com- 
pany, organized by Chilian promoters, acquired some of the 
best properties and began to wmrk them. This company, after 
an extravagant dibut^ relapsed into a struggle against poverty 
and mismanagement, and Anally collapsed in 1894. In 189(3 
the English mines and many others, covering most of the dis- 
trict, were acquired hy the South American Co., formerly the 
South American Development Co., of Few York. (See Figs. 
1 and 2.) 

The vein-formation of Zaruma is extensive and complex, and 
the ores are somewhat refractory. In the immediate neighhor- 
hood of the gold-bearing veins the formation seems to be alto- 
gether volcanic, consisting of rather fine-grained holocrystalline 
diorite ; hut a few miles away, on either side, some gneisses 
and crystalline schist^ are to be found About four miles south 
of the mines, and beyond some intervening granites, appear 





Fro. 



View of the Portovelo Mine, Zaruma, Ecuador, after its Abandonment by the English Co. (The gulch in the hill in front is a Spanis 
open cut on the outcrop of the Ahundancia vein, or fault.) 


NOTES ON THE GOLD-MINES OE ZARUMA, ECUADOR. 251 

unmistakable slates, wMcb cover a large area still further south. 
The age of the volcanic mass is entirely unknown. It is quite 
probable that the cliorites of Zaruma may be part of an ancient 
volcano, similar to that of Cripple Creek, Colo , but much 
larger 

The veins thus far opened m the main workings are three in 
number, and each is radically different from the others in direc- 
tion, filling and appearance. One vein, known as the Porto- 
velo,'’ is composed almost wholly of ealcite Its trend is nearly 
north and south; its dip, 65° E It contains, in the calcite, a 
very small percentage of iron pyrites, which gives the ore a 
cloudy appearance The walls are not well-defined, and are 
frozen ” to the vein, which frequently contains large bunches 
of rock. 

This vein is faulted (see Pig. 3) by the ‘‘ Abundancia 
vein, the displacement along the latter being not less than 
1100 feet Tins fault is strongly mineralized, and carries three 
large ore-chutes. One of them, worked by the old English 
company, is entirely south of the iiresent workings The other 
two are opened to some extent in the Kewberry^ tunnel. The 
middle ore-chute, where first cut, was 2G feet wide. The north- 
ern chute is 400 feet long on the tunnel-level, and, at its maxi- 
mum, 24 feet wide 

This Abundancia vein courses PT. 12° W. and dips 70° E 
The vein-matter is almost entirely white quartz, rendered 
cloudy throughout by quantities of fine pyrites, and giving 
place along the hanging-wall to large bunches of heavy lead 
and zinc sulphide. As might be expected from so extensive a 
fault-plane, the foot-wall carries a very heavy gouge or fiuccan, 
sometimes 3 or 4 feet thick 

The Abundancia cuts still another important vein, the“ Mina 
Grande,” which has a strike of H 15° E., a vertical dip, and a 
vein-filling made up much more largely of heavy zinc and lead 
sulphides than either of the other two This vein is beauti- 
fully banded, and has a well-defined foot-wall (so called, the 
vein being vertical) ; but on the hanging-side it seems to grade, 
to a certain extent, into the rock. It is a very strong vein, in 
places over 20 feet wide The length of the ore upon it is not 


Named aftei the late Mr W E. Newberry, manager from 1896 to 1898 



252 NOTES ON THE GOLD-MINES OE ZABHMA, ECUADOR. 
Fig 3 



Sketch showing in Plan the Ore-bodies in the Poitovelo Mine (Two great 
veins, the Mina Grande and the Portovelo, aie faulted by a thud, the Abun- 
dancia ) 

yet deterininecl, but one chute has been followed for more than 
300 feet. 

The relation between the Mina Grande and Portovelo veins, 
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% e j whether or not one faults the other, has not yet been de- 
termined. They are both faulted hy the Ahundancia for not 
less than 1100 feet horizontally, with an actual movement of at 
least 600 feet. 

It seems very probable that both the Mma G-rande and Por- 
tovelo veins have undergone a certain amount of enrichment, 
where intersected by the Abundancia. This is especially true 
of the Porto vclo vein, which, at a distance from the fault, seems 
to carry only |4 to |8 per ton, but near the fault carries as high 
as ail ounce to the ton in gold, for considerable distances 

Six ore-bodies have been already opened on the fault-vein and 
the intersected veins, and probably another will be added. 
These all lie within a length of 2500 feet, and each is, at a 
maximum, over 20 feet wide and from at least 100 to 400 feet 
long. The ore mined thus far (now nearly 40,000 tons) has 
averaged, without any sorting, more than |15 a ton in gold 
The veins promise to hold out well in depth , for some of the 
best ore-bodies have been opened in the tunnel, 700 feet verti- 
cally below the outcrop 

It must be remembered that these explorations cover but a 
small fraction of the district. An almost continuous line of 
old workings indicates that similar ore-bodies will be found for 
at least two miles further north and, at much wider intervals, 
for six miles beyond that So steep is the rise of the moun- 
tains that the tunnel, if continued for two miles, will be 2500 
feet below the surface 

Mining in Zaruma presents the ordinary difficulties of a 
Spanish- American country — ^lack of labor, enterprise and sup- 
plies. neither of these is by any means insurmountable , but, 
taken together, they render the installation and operation of a 
large mining plant an affair requiring much money and 
patience. 

I shall not attempt to describe in this paper the operations in 
detail, preferring to confine .myself to an account of two features 
of special interest, namely, the somewhat novel method of min- 
ing adopted by the present company; and secondly, the method 
of bringing down timber for the mill It is only fair to say 
that our lumbering-schemes proved on the whole a failure ; 
but they wore none the less interesting. 
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Method of Mining. 

The iirst ore-body opened by tlie present company was on 
the ‘‘ Abundancia ” vein. The ore was not very hard, except 
in spots, and was accompanied by an exceedingly soft and 
treacherous foot-wall. It was evident that, whether timber 
were used in the stopes or not, they would have to be filled 
with rock. The only other alternative was to slice the body 
from the top downwards. Indeed, the latter method may yet 
have to be adopted near the surface ; but it involves great dif- 
ficulty in keeping open the raises, which are invaluable, both 
for ventilation and for furnishing future rock-filling for the 
lower levels 

The method of mining actually adopted (see Tig. 4) was es- 
sentially the filling-system used at the “ hard ore ’’ mines of the 
Minnesota Iron Co , at Tower, Mmn.,with the single exception 
that the fills, and of course the stopes, were made sloping in- 
stead of horizontal. In the first ore-body attacked, three raises, 
each from 200 to 300 feet high, were made along the foot-wall 
to the surface, coming out at the bottom of the deep open cut 
of the old Spaniards, from the sides of which any quantity of 
rock could be ‘‘ milled ” down into the mine at a nominal cost 

These three raises were 130 feet (40 meters) apart. The 
tunnel was run, not in the vein itself, but at a safe distance 
(about 20 feet) in the foot-wall. Cross-cuts were driven to the 
vein every 65 feet (20 meters), so that there was an entrance to 
the stopes at each of the raises, and also midway between them 
Stopiiig began by cutting out the vein to its full width, and 
about 8 feet high, on the main level. Tracks wore laid in the 
cross-cuts between the raises. When the bottom was cut ofi, 
the vein was also beaten away as far as could safely bo done 
at the bottom of the raises. Then a lot of rock was thrown 
down each raise, which nearly filled the openings thus made. 
This filling was allowed to lie nearly at the angle of repose; 
and upon the sloping sides of the pile slabs were laid, to 
keep the ore from mixing with the rock. Then another slice 
was taken off as high as safety permitted, and the operation was 
repeated. Cribbed man-ways were, of course, carried up through 
the filling, to preserve the raises for future use. The slopes on 
each side of the filling-raises soon came together, half-way be- 
tween the raises, or at the intermediate cross-cut At these 



Fig. 
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points, chutes were put in and carried upward by cribbing as 
the stoping and filling proceeded. 



aoBjjTis 01 asi^a— 
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This method of mining has the following advantages : 

1. It requires but little timber— an important consideration 
where timber is scarce. 
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2. It allows of filling and tramming without re-handling, and, 
therefore, at a minimum expense 

8. It allows the fill to he made very close to the back, because 
it is not necessary to leave standing-room on the slope for men 
to stow the dirt. This is a very important consideration where 
the walls are soft. 

The system works well. The slope-filling feature of it was 
invented by Mr. Thomas Huddlestoiie, at present mining cap- 
tain on the property. The ore costs, for labor, supplies and 
superintendence, about 70 cents a ton, delivered at mill. Thi,=! 
figure relates only to the operation of the stopes, and does not 
include the large amount of development-work done. 

Lumbering. 

'When it was decided, early in 1898, to build a 20-stamp mill 
for the mine, we were confronted by the following circum- 
stances 

Theretofore nearly all the timber for the mine had been de- 
livered by two native contractors or empresaonos, Miguel and 
Jos^ Santos Zambrano These brothers were hard-working and 
enterprising land-owners, living on the edge of the forest, some 
miles away, who owned timber-lands, oxen, mules and peons. 
(The latter are practically slaves, being held to pay, in labor, 
at a rate which renders complete payment almost impossible, 
debts owed to their masters.) The method used in getting 
timber by the natives is the following ; 

The buyer gives to the contractor a list, showing the number 
and exact sizes of the pieces he wants. The contractor then 
takes his peons into the woods, and hews his timber to size 
If boards or planks are required, they are sawed by whip-saws 
on the ground. Each piece of squared timber has a groove 
(goUeta) cut around it at one end, by which veias or cords of 
twisted raw-hide are attached for hauling ,• the groove being 
intended to prevent slipping of the vetas, as well as to protect 
them from wearing against the ground. Light timliers are 
dragged on the ground to the mine by mules , heavy ones by 
oxen, harnessed by means of a yoke lashed to their iiorns 
Planks are earned by mules, being tied to the pack-saddle, one 
on each side of the animal, in such a way that the rear end 
drags lightly on the ground. The result is that one end of 
each plank always arrives considerahly worn. 
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This method had seemed to us Americans utterly barbarous , 
and when we came to study the question of getting timber for 
ourselves, it was with the idea of adopting at once a very dif- 
ferent method ; but after a solid year of hard experience, we 
were glad to let the brothers Zambrano bring timber in their 
own fashion. 

We were forced to undertake some new method, in order to 
secure a much larger amount of timber than we had been get- 
ting, because the Zambranos had not completely filled their 
contracts the season before, and now, owing to some family 
quarrel, the two brothers refused to co-operate, and confessed 
themselves utterly unable to bring down the considerable 
amount of heavy timbers needed for the mill At the time of 
the year (January and February) when we made our investiga- 
tions, we were in the height of the rainy season. The native 
roads were almost impassable with mud, and the project of 
dragging heavy timbers over them ivithin a reasonable time 
seemed quite impracticable. So we turned our attention to a 
plan of floating timber down the Amarillo river, which flows 
by the mine hfevertheless, m order to guard against the pos- 
sible failure of this scheme, we determined to aid the Zam- 
branos by furnishing them with money to extend and repair 
their roads. 

The nearest timber accessible from the river was from seven 
to ten miles up-stream, on the bottom-slopes of the great am- 
phitheater cut by the river in the flank of the Andes, which 
there rise like a giant wall, with an abrupt and almost un- 
scalable ascent of 10,000 feet above the valley. On the steep 
and dripping sides of this gloomy amphitheater, where the 
rain is almost perpetual, clings a forest, in which the trees are 
mostly small and worthless, but which impresses the beholder 
with a sense of almost terrifying grandeur. 

In this amphitheater the river is formed by the waters of 
three smaller streams. The united torrents have a flow of 
from 150 to perhaps 20,000 feet per second. From the junction 
to the mine the river has an average descent of 86 feet per 
mile , but above that point the smaller streams have a grade of 
perhaps 4 per cent. When swollen in the rainy season, they 
look like ribbons of snow as they lash about m their beds of 
gigantic boulders , but the amount of water is so considerable 
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that experiment proved it to be possible, by means of much 
hard work, to get logs down them. 

Accordingly, we began to work in the woods with great 
hopes of success We tried first to do things in American 
fashion For instance, we thought it mere waste of time to 
square the logs ; so we tried to haul them with the bark on, 
without golletas ; but a thorough trial proved that the bark in- 
creased tlie friction on the ground so much that the cost of 
removing it would be repaid, maii}^ times over, by the greater 
ease of hauling thus secured. The same conclusion was 
reached vuth regard to the grooves (^golletas) ; for we found 
that a rope or chain around the log, unless sunk in a groove, 
caused great friction in hauling Moreover, we finally came 
to pointing the ends of the logs, in order to prevent them from 
catching on stones and snags. 

Later on, we tried to build an American “ travoy ” road, 
supporting one end of each log on a small sled, and improving 
the road by laying poles or “ skids ” across it, to keep the logs 
off the ground. This scheme proved a disastrous failure. 
The “ travoys,” though made very light, were of doubtful value 
in hauling the logs down, while the labor of dragging them 
back again was trying to the oxen. The reason was that the 
oxen were yoked by the horns in a very uncomfortable posi- 
tion, and, to relieve them of this discomfort, the drivers always 
unyoked them on the return trip. When it was necessary to 
drag a travoy, this could not be done 

In short, experience taught us to have more and more re- 
spect for the methods of the natives ; and at last we were thor- 
oughly convinced that it was more economical to follow their 
ways entirely in doing work iii the woods. The example of 
our energy and enterprise, however, was of great benefit to 
them , for they learned from us to plan their work in a more 
comprehensive manner The Zambranos, put on their mettle 
by our competition, and aided also by the company in some 
matters, put aside their differences, and one year after our 
appearance in the liimber-husiness, they were in a position to 
supply all the timber needed by the mine. 

Our hauling was only from the woods to convenient places 
on the banks of the river, down which we had to drive the logs 
from 6 to 9 miles This work was very laborious, difficult and 
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dangerous While free iii the current, a log -vNOuld be carried 
with great swiftness , but sooner or later, according to the 
height of the water, it would be stranded or pinned against 
some rock in mid-stream Our first drive of logs was “ hung 
up ” altogether by the rapid lowering of the river 

We arranged a diagonal boom across the river, near the 
mine, to guide the logs into a “ pocket,” made by running a 
diagonal line of strong tripods, floored and weighted with stone, 
some distance from one bank of the river. This arrangement 
worked very nicely at moderate stages of high water; but, 
during the rainy season of 1899, we unwisely put off driving 
down our logs until the heavy rains began, when the river rose 
so rapidly that it reached an extreme and unmanageable stage 
while the timber was still in the river As a consequence, our 
boom and tripod were overpowered , and, during two sudden 
freshets, some two thousand fine logs were swept over them 
and lost 

Ebmaeks. 

A word about Ecuador and its people may perhaps be of in- 
terest. The republic frankly admits itself to be the most back- 
ward in South America; and I suppose no foreigner would 
question this statement The population is very mixed. On 
the high plateaus of the interior, the bulk of the people are 
pure Qiiichiias, or Indians of the old Inca empire. They are 
industrious, peaceable and docile , but their imagination is so 
limited and their whole intellectual make-up so rigid and im- 
pervious, that it is difficult to conceive how they ever made 
even the moderate advances toward civilization with which 
they are credited. Their sole motive of conduct seems to be 
custom. The following story is characteristic An Indian 
woman carrying some eggs many miles to a town, to sell them 
at the Sunday market, met a foreigner who did not want to 
travel to the town for provisions, and was very eager to buy the 
eggs The woman refiised, and the foreigner, after paying 
more than she asked for the eggs, took them by force. The 
poor woman burst into tears, saying, “ Dear Sir, now I have 
nothing to sit down with on the plaza ” In other words, it 
was her custom to sell her wares by displaying them in the 
plaza ; and to do business any other way, however advantageous, 
was to her an unintelligible and distressing proceeding. 
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These people are valueless to the employer of labor, for the 
simple reason that they will not work, except in their accus- 
tomed pursLiits 

The small number of pure whites, of the Spanish race, who 
live in Ecuador, are likewise valueless to the employer, because 
they are too proud to do manual labor and too ignorant, except 
in rare instances, to be of use as agents 

The mixed race, variously blended of white, Indian and 
negro, is almost the only material that the foreign employer can 
use. These people are neither so stupid as the Indian, nor so 
proud as the Spaniard, nor so lazy as the negro. They are 
often quite willing and companionable, though utterly ignorant 
of modern methods of work. They are also independent, in 
that each man is generally a cultivator of the soil, so that, while 
perfectly willing to earn a few dollars occasionally by working 
about the mines, they are not willing to depend wholly on that 
work The result is that, in order to make miners out of them, 
a long period of patient and tactful eiieouragement is nec- 
essary 

The question of labor is the gravest one that confronts the 
operator at Zarnma. Imported labor is apt to be extremely 
costly and inefficient. The climate is malarious, just at the 
mine , and for that reason it is hard to keep men there. The 
requisites for a successful manager are a knowledge of the lan- 
guage of the country, good judgment and tact in dealing with 
its people ; youth ; a good constitution and a good knowledge 
of the mining business — a combination not very easy to find. 

Wages are about 60 cents per day (gold) for common labor; 
60 cents to $1 for native miners; for Jamaica negroes, |2 
for Italian miners American miners and mechanics receive 
$140 and upwards per month 
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The Coal-Fields Around Tse Chou, Shansi, China. 

BY NOAH FIELDS DRAKE, IMPERIAL TIENTSIN UNIVERSITY, TIENTSIN, CHINA 
(Washington Meeting, February, 1900 ) 

During July and August, 1899, the writer took advantage of 
an opportunity of going to Shansi to gather some information 
concerning the geology and value of the already famous coal- 
fields of that province. The long journey, mainly on slow 
river-boats, and the limited time at command, allowed only about 
ten days of work to be done in the coal-fields around Ts& Chou. 
The geologic structure and the rock-forniatioiis were found to 
be simple and quite regular, so that in that time the accom- 
panying sketch-map (Fig 1) was made, and a fairly good idea 
of the distribution of the coal and general geologic features 
was obtained. The map was made by measuring a base-line 
about three-quarters of a mile long, triangulating for principal 
points over the field, and filling in the details by rapid sketches. 
The few elevations marked on the map were taken with an 
aneroid barometer Only a few of the great number of towns 
and villages that are within this densely populated area are 
shown; and the coal-mines indicated are not the only ones 
within the area, but the ones where most of the following in- 
formation about the coal was obtained 

The value of this coal-field was first clearly set before the 
scientific and commercial world by Baron von Richthofen,^ who 
made a geologic reconnaissance of Shansi in 1870. Since that 
time the hostile attitude of the Chinese government and peo|)le 
towards foreigners and their enterprises has kept the coal-fields 
from being developed. But the last few years of rapid change 
in the conditions of China have at last apparently opened a 
way for the exploitation of this coal-field. The Peking syndi- 
cate, a joint English-Italian company, now has concessions from 


Qlma, by Baion von Eicbthofen, vol ii Letteis to Shanghai Chambei oj Com- 
merce, 1870-1872, by Eiclithofen 
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Fig. 1. 
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the Chinese government to work the coal of the Tse Chou re- 
gion, as well as most of the Shansi coal-fields. 

The area shown in Fig. 1 lies in the southeastern part of Shansi, 
and is about 300 miles southwest of Tientsin, and 500 miles 
northwest by west from Shanghai. Tse Chou, the principal city, 
lies in about 35° 30' north latitude and 112° 45' east longitude. 

One going to Tse Chou from Tientsin or Shanghai first 
passes over the broad, low-lying coastal plains of northeastern 
China and then on to a table-land, on which Tse Chou is situ- 
ated. These plains form a belt 100 to 300 miles wide, which 
extends semicircle-like around the west end of Shantung, from 
the Gulf of Pechili on the north to the Yellow sea on the south. 
Roughly speaking, the north and northwest boundary of these 
plains lies about 25 miles from the Great Wall and from Shansi. 
The rise in the plains from the coast-line to the mountains is 
very gentle. The edge of the plains north of Hwai-ch’ing is 
about 700 feet'*' above tide. FTearly everywhere the mountains 
and table-lands rise abruptly from the plains. This is especially 
true south and east of Tse Chou, where the mountains rise 
bluff-like from the flat plains until a general elevation of about 
3000 feet is reached. From this height a rough plateau ex- 
tends towards the north and northwest across and far beyond 
the Tse Chou region. As is shown by the map, the Ts5 Chou 
region rather loses its plateau-features in the mingling of 
ridges, hills, narrow elevated valleys, and rough rolling lands 
The ridges and broken lines of hills extend across the area in 
a FT.KE.-S.S.W. direction Some of the hills, such as Fou-t’ou 
Shan, Pai-ma-ssii Shan and I-hou Shan, rise about 1000 feet 
above the general elevation of the country The hills forming 
the broken ridge between Pai-ma-ssu Shan and I-hou Shan usu- 
ally rise but 300 to 400 feet above the adjoining valley or roll- 
ing lands. For the most part the streams have not adapted 
themselves to the lines of hills, but have cut across them, thus 
breaking the ridges into numerous separate hills. All the 
drainage-streams of this area rise within it, and most of them, 
such as the Ho-ti Ho, the Pai Ho and the Ta-yang Ho, flow to- 
wards the southeast, and soon unite in the Tan Ho, which. 


' Tins elevation should be considered as an approximation, since it -was taken 
from aneroid barometer-readings, which were only roughly checked, some two 
weeks later, by readings at Tientsin, 
von XXX. — 17 
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after about 20 miles more of 
a somewhat tortuous way, 
through a deep canon, leads 
out upon the plains north of 
Hwai-ch’ing. 

The rock-formations may be 
roughly divided into three 
groups, as shown in Mgs. 1 
and 2. These groups are as 
follows : A lower group of 
limestone, the Kohlenkalk of 
Richthofen, aggregating 2000 
feet or more in thickness; a 
central group of shales, coal, 
sandstone, and a flint-bearing 
limestone stratum, aggregat- 
ing about 800 feet in thick- 
ness; and an upper group of 
shales, clays and sandstones, 
which in this field exposes 
about 1000 feet of strata. 
These groups may be further 
divided, as shown in Fig. 3, 
which represents a general- 
ized section, as follows : 

A, limestone, 2000 feet in 
thickness. 

B, brownish clay-shales, usu- 
ally with some sandstone, a 
little iron-ore and also a little 
coal, 60 feet in thickness. 

0, massive gray limestone, 
containing numerous flint nod- 
ules and some fossils, 10 feet 
ill thickness. 

D, clay-shales and sand- 
stones. The clay-shales usu- 
ally become carbonaceous to- 
wards the top, until at the top 
there is usually 40 to 50 feet 
of black carbonaceous shale; 
250 feet in thickness. 


Fig. 3. 



Average Section of Strata of 
Ts6 Chon Eegion. 
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E, coal, 22 feet in thickness. 

F, carlionaceous clay-shale and some friable sandstone-beds. 
The shales become lighter colored and less carbonaceous towards 
the top. At the bottom there is nsually 15 to 20 feet of black 
carbonaceous shale, which graduates upwards into shales that 
are sandy and blue in color, and these in turn to sandy light- 
blue and yellowish arenaceous clays, 100 feet in thickness. 

G, alternating beds of thick, yellowish, arenaceous clay 
strata, and usually rather thin, friable yellow, buff or light-gray 
sandstones, 1000 feet in thickness. 

Over nearly all the valley and rolling lands there is a cover- 
ing of loess which, in places, reaches lOO feet or even more in 
thickness. With the exception of this loess covering, this 
senes of rock-heds is apparently confonnable throughout. At 
any rate, that is the evidence gathered from observations within 
this district. As a whole, the rock-heds lie comparatively 
level; blit there is some conspicuous folding and faulting. 
The axial lines of the principal folds and faults run about F. 
26° E.-S. 26° W. A little minor folding runs at right angles 
to these. The mapped area, Fig 1, includes two large anti- 
clinal folds and faults, with an intervening narrow synclinal 
fold and fault-block. The synclinal fold may be designated the 
Yu-k’ou syiicline, because Yu-k’ou lies on it. The largest anti- 
clinal fold and fault may be called the I-hou Shan anticline and 
fault, because it includes the I-liou Shan. This fold, as shown 
in Fig. 1, runs entirely across the mapped area, and elevates 
the strata more than 1000 feet. The next largest aiiticliiiiil 
fold lies on the west side of Fou-t’ou Shan and Pai-ma-ssu Shan, 
and extends nearly across the field, or from the southwest cor- 
ner northwards to the Ta-yang Ho. It elevates the strata some 
600 to 800 feet. The intervening fault-block and synclinal 
fold is from about I- to 1 mile in width The faulting that 
accompanied each of these anticlinal folds was considerable, 
and resulted in raising the rock-heds on the west side of the 
fault-line considerably higher than those on the east side. The 
dip ot the strata on the west side of the fold is very gentle com- 
pared to that on the east. These folds and faults give rise to 
ridges with steep east-facing slopes, and very gentle west-facing 
slopes. As a whole, the faulting and folding of this region has 
resulted in lai’ge areas where the strata dip very gently towards 
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tlie WIT.'W’., and narrow belts where the strata dip rapidly 
towards the E S.E. Where the faulting is great in comparison 
to the folding, which is usually the case, the belt of eastward- 
dipping strata is very narrow, and at places practically lacking 
The large W.hf W -dipping areas contain many little folds 
winch rarely give rise to dips greater than 7° to 8°, while the 
average dip of the whole earth-crust block to the W.I7 W is 
probably not more than 1° to 2°, Practically, the only places 
where sharp folding will seriously interfere with coal-mining 
arc the narrow belts along the Yii-k’ou syncline, and the east 
edge of the anticline that lines on the east side of the Yu-k’ou 
syncliiie. These places, however, are small and insignificant ; 
and coal may not exist all along the Yu-k^oii synclme, as is in- 
dicated ; for with the aid of observed structural suggestions 
most of it coaid bo located there only doubtfully. The syncli- 
nal fold running W.K.W by E S.E. across the south end of 
Eou-t’ou Shan is only about | to | mile wide, and bends the 
strata down from the general level probably not more than 200 
feet. It, therefore, afifects only a narrow strip of the great coal- 
hearing bed underlying Foii-t’ou Shan, and is not so serious as 
is suggested by the section through Ta-chi (Eig 2). 

The workable coal lies in one bed about 250 feet above the 
flint-bearing limestone stratum. There may he a little coal, 
however, below this flmt-hearing stratum , since some 15 to 18 
miles S.S E of Tb 5 Chou, or near Hsiang Ohiiang, in the sides 
of the canon of the Tan Ho, the Chinese are working a coal- 
bed that lies below this limestone stratum. According to the 
Chinese, this coal-bed is about 1 foot thick. Mr W. H Shock- 
ley* also tells me that, in places in western Shansi, the prin- 
cipal coal-bed — an excellent one — ^is the one below this lime- 
stone. 

In the Tse Chon region the average thickness of the mam or 
workable coal-bed is probably not less than 22 to 23 feet At 
the mine about miles west of Hsi Ta-yang, tbe coal is 
worked through a shaft 329 feet deep. Only the lower 10 to 
12 feet of the coal is being mined. I had no opportunity to 
measure the full thickness of the bed, or to examine more than 
the part that is being mined I was told by the Chinese miners 


* Veibal couamunication 
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tliat the full thickness of the hed is 30 feet (Chinese), which is 
equivalent to about 36 feet (English). Parting streaks of shaly 
coal were rather common in the part of the bed that is being 
mined ; but there is no waste coal taken out, and the average 
percentage of ash is probably not much, if any, greater than 10 
per cent., which is about that given by the analysis of the piece 
of coal from this place. 

In the coal-mines about 2^ miles northeast of Ts§ Chou, 
rooms are often opened in mining which expose the coal-bed 
from the top to the bottom In two rather widely separated 
places in one of these mines, the coal measured 17 and 22 feet 
respectively. The lower 2 to 8 feet of the bed is composed of 
a friable earthy coal, above which the coal is remarkably uni- 
form. Streaks of shaly coal, to J-ineh in thickness, are dis- 
tributed every 4 to 5 feet through the coal-bed , and one layer 
of shale J to 1 inch in thickness runs quite regularly through 
the bed some 6 to 7 feet below the top. In the other mine, 
which IB about ^ mile farther to the east, the coal-bed, at the 
only available measuring-place I saw, was 23 feet thick In 
this mine the hed is quite regularly divided as follows : A 
lower stratum, 3 feet thick, of earthy friable coal, above which 
there is 14 feet of hard, firm, evenly good coal ; over this 14 
feet of coal there is about 1 m^h of shaly coal or carbonaceous 
shale ; and on this shale there is 6 feet more of good, firm coal, 
making in all 23 feet of coal. 

In the coal-mine about miles W.H.W. from Ta-chi, I saw 
only the upper 15 feet of the coal. The Chinese miners told 
me that the bed there is 20 feet (Chinese) thick, which is 
equivalent to about 23|- feet (English). The coal that is being 
mined from this place, as well as that from near Ya-ti, on the 
west side of Pou-t’on Shan, is wonderfully bright and glossy 
throughout. It breaks with a conchoidal fracture, and is so 
free from dnst that it can often he handled without soiling the 
hands. 

There is no waste material in the coal-bed in any of the 
mines; and, as shown by the sketch-map (Eig. 1), fully half this 
area is underlaid by this bed. If we take 22 feet as the average 
thickness and 1.5 as the average specific gravity of the coal, 
there are about 3,000,000,000 metric tons of coal within the 
160 square miles, which is about the amount of coal-area in- 
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eluded in the map It must be remembered that this area is 
only a little of the ragged edge of the great coal-fields of Shansi. 
Most of Shansi has been found underlaid by large coal-beds * 
Eichthofen estimates that the anthracite coal alone of Shansi 
amounts to 630,000,000,000 tons, and that the coal area of 
Shansi is greater than that of Pennsylvania. f The excellent 
quality of the coal is shown by the following table of analyses 

Table of Analyses of Some Shansi Goals f 


Specimen 

Number 

Locality of Coal- 
Mine 

Water 

Volatile 

Hydrocarbons 

Fixed 

Carbon 

< 

Sulphur 

Color of 
Ash 

Remarks 

1 

mi W of Hsi 

155 

5 55 

82 74 

10.15 

0 25 

Light 

Average sample 

2 

Ta-yang 
mi. N E of 
Tse Chou 

3 64 

3 84 

85 99 

6 61 

0 32 

gray 

Cieam- 

buff. 

Sample of the best 
coal from this 
mine 

3 

2| mi N E of 
Ts6 Chou 

195 

3 59 

80 86 

13 58 

0 35 

Light 

gray. 

Sample of the poorer 
coal from this 
mine 

4 

1^ mi. W.NW 
from Ta-clii. 

1 95 

3 37 

80 44 

14 22 

0 34 

Light 

gray 

Sample of the poorer 
coal from this 
mine. 

6 

1] mi WNW 
fiom Ta-ehi. 

2.26 

2 23 

88 56 

6 93 

0 40 

Light 

gray 

Sample of the best 
coal fiom this 
mine 

6 

IJ mi W.NW. 
fiomTa-clii 

2 75 

2 61 

86 09 

1 

8 53 

0 31 

Light 

gray 

Average large sam- 
ple 

7 . 

Foot-hills north 
of Ch’ing hua 

1 84 

311 

87 63 

7 41 

0 54 

Bufl 

Chance specimen 

8... 

Ping-yao, Ping-' 
yang Fu dis- 
trict, South- 
western Shansi 

0.49 

17 81 

57 70l 

23 98 

2 80 

Light 

gray 

Chance specimen 
Coked in the cru- 
cible 


All the coal of the Ts^ Ohou region is anthracite ; its aver- 
age specific gravity is 1.6 ; and it is hard enough to support 
any weight that might be put on it in the blast-furnace. The 
percentage of sulphur is uniformly low, and that of ash is com- 
paratively so for anthracite coal. Some of the coals, however, 
will run rather high in ash, so that the bed, as a whole, would 
probably give not less than 10 per cent, of ash. The coal near 
Ta-chi and that near Ya-ti, or the part underlying Fou-t’on 


Bichthofen’s China, vol 2 , also his Letters to the Shanghai Chambei of Com- 
merce and Alas von China, also C. I) Jameson, and Min Jowi., vol Ixvi , 
pp 365-367. t Letters to the Shanghai Chambei of Commerce, p 29 

t The analyses were made by N. P. Drahe 
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Shan, will, very likely, not average over 8 per cent, in ash , 
for at those places the proportion of inferior to good coal is 
very small. Sample No. 6 was a large piece, which apparently 
represented the general average of the coal from the Ta-chi 
mine. Samples Nos. 7 and 8, from the foot-hills north of 
Ohing-hua and from Ping-yao, or southwestern Shansi, were 
handed to me hy Mr. C. D Jameson, a member of the Peking 
syndicate, who said these samples were pieces that happened 
to be left behind, in shipping some of these coals away from 
Tientsin for the syndicate Since they are chance samples, 
they could not be relied upon as representing the average coals 
from those places. They are interesting, however, as giving 
further evidence of the high quality of the anthracite in and 
near the Ts^ Chou region, and as showing the bituminous na- 
ture and coking-qualities of the coal from the Ping-yang Pu 
district of southwestern Shansi. 

The iron-ore, included in Pig 1, lies in the north half of the 
field. The part that is now being worked for iron-oro is a strip 
1 to 2 miles wide, on the west slope of the I-hoii Shan anti- 
cline, from near I-hou Shan to the north boundary of the field. 
The ore is hematite, and occurs as scattered nodules in a sandy 
clay stratum, below the flint-bearing limestone bed. Prom 
cursory examinations of outcrops, the iron-ore-b earing stratum 
appears to be from 2 to 3 feet thick. The present mine-work- 
ings are limited to this narrow strip, because there the ore-bed 
lies at shallow depths, so that it may be mined by open pits ; 
whereas, over other parts of the field deep shafts and long tun- 
nels would be required. The limited amount of ore, however, 
will probably never justify extensive mining over the area 
where it lies deep below the surface. This district has long 
been one where iron-ores were smelted, as is shown by the 
large heaps of furnace-slags at a great number of the villages 

The natural resources of this area are not confined to the 
coal and iron-ore. Pire-clays of good quality for manufactur- 
ing brick and cheap pottery are abundant. The Chinese now 
use considerable quantities of these clays for making cheap 
soup-bowls, tea-pots, and various other kinds of pottery. 

Sandstones occur in abundance ; but they are too friable to 
be durable for structural purposes, although the Chinese have 
used them considerably for stone bridges, houses, monuments, 
and road- paving. 
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Massive limestones occur in great abundance, and of good 
quality for building-stone, fluxing material, the manufacture of 
lime, and probably also of cement Tbe limestones vary in 
color from light gray to blue and almost black, and in crystal- 
lization from tbe amorphous forms to real marble The mar- 
ble and the black limestone, however, were seen only in the 
canon of the Tan Ho, a few miles southeast of the area mapped 
in Tig 1. The marble has a reddish-gray color and flue struc- 
ture. The black limestone takes considerable polish, and is 
used by the Chinese for monuments 

The soils arc largely loess, but some are residuary In 
either case they are usually fertile As shown in Tig. 4, the 
mountain-sides are so closely terraced, to reclaim little plots of 
ground, that there is not much uncultivated laud , and a dense 
population is supported by the agricultural products The in- 
dustries of the district largely center around coal-mining, 
although mining and transportation are done in a crude way 
Practically all the coal is mined through shafts, which vary in 
depth from about 60 to a little over 800 feet A very little 
coal is mined through inclines, and none through tunnels. 
Yet some of the shafts are almost as long vertically as a tunnel 
would have to be horizontally, in order to reach the coal at the 
points where they have cut it. A probable partial explanation 
of this circumstance may be, that the inferior character of the 
coal along the outcrops of the bed causes the miners to sink 
shafts away from the outcrops. Or, it may be that the out- 
cropping edges of the coal have been mined away during past 
ages, so that the Chinese are now discouraged in attempts to 
find the coal by tunnelling. 

TTo steam is used for hoisting, nor are explosives employed 
in mining. The latter is done simply with pick and gad. The 
coal is hoisted by a windlass which is run by men At the 
larger mines the windlasses are about 6 feet in circumference, 
and have at either end a crank, with a long arm, at which four 
or five men can work (See Tig. 6, unfortunately made from 
a cracked negative ) About 800 pounds of coal are hoisted at 
a time in baskets. The coal is mined by running tunnels 
through the coal-bed from the bottom of the shaft, and at in- 
tervals along the tunnel-ways large quantities of coal are re- 
moved, leaving more or less circular rooms, from 40 to 50 feet 
in diameter. By these methods probably not less than 50,000 
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tons of coal are mined within this area per annum. For local 
use, the coal is carried away in little carts, drawn by oxen; but 
the greater part is taken down the mountains by pack-animals. 


Fin 8 



For this transportation down the mountains only pack-animals 
can be used, because the trails which must be used are very 
rough and steep. The distance by trail from Ta-chi to the 
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plains IS about 20 miles. One of these trails leading down 
the mountains is shown in Fig. 6. They are from 12 to 14 feet 
wide, and paved with stone. By ages of use, these'^tones have 
been worn until their tops are smooth and spherical m shape. 
Some of the larger stones have broad basin-like depressions, 
while others have narrow holes, 4 to 5 inches deep, worn into 
them, where mules have continually stepped. Over these 
rough and steep trails there is, during fair weather, an almost 
continuous line of pack-animals passing to and fro ; and most 
of these are employed in carrying coal. Mules, donkeys, and 
men, each loaded with his pack of coal, are all similarly em- 
ployed at this work. 

The present style of working the mines and transporting the 
coal presents a striking contrast to what might be done were 
modern methods used. The great thickness and the almost 
horizontal position of this coal-bed make it practicable, as sug- 
gested by Richthofen’*' for other Shansi coal-fields, to run long 
lines of railroad-tunnels through the bed, and load the cars in 
the mines for distant transportation 

Fig. 8 shows some of the proposed railroad lines leading 
from the Tse Chou region to outlets on the plains and to ship- 
ping ports. Probably the first road to be built will extend 
from Ts^ Chou down the canon of the Pai Ho and the Tan Ho 
(see Fig. 7) on to the plains north of Hwai-ch’ing. Mr. C. B. 
Jameson, who has made a preliminary survey for a railroad 
over this route, saysf that it offers no engineering difficulties, 
although it will be a rather expensive road to construct. The 
grade of the bed of these streams is a gradual rise from the 
plains to within 5 to 6 miles of Tse Chou, where there is a 
water-fall in the bed of the Pai Ho, of about 40 feet. This 
short line of railroad (about 30 miles) delivering the coal on to 
the plains-country would alone supply an immense market 
For more distant deliveries, and for exportation to other coun- 
tries, long railway-lines and water-ways would be needed The 
railway-line running south to Hsiang-yang would there meet 
water navigation to Shanghai. About 66 miles of railway, 
running from near Hwai-ch’ing to ’Wei-hui, would reach wmter 
navigation by the Wei Ho and the Grand Canal to Tientsin. 


Letters to Shanghai Chamber of Gonimeice, p 34. f Verbal communication 
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Gold-Ores of the Black Hills, South Dakota. 

BY H M CHANCE, PHILADELPHIA, PA 
(WashmKton Meeting, February, 1900 ) 

Probably no other prosperous mining district is so little 
known as tlie Black Hills. The name leads one to assume that 
the district is a rolling country, consisting of more or less in- 
significant hills. Hothing could he more untrue, as the Black 
Hills IS an elevated region rising to heights of 7000 and 8000 
feet above sea-level, and broken by deep gorges and ravines. 
It is, in fact, a mountainous country in all that that term im- 
plies ; but the canons and gorges are of such a character that 
the country is easily penetrated by railroad-linos, and good 
wagon-roads exist to-day, afibrding access to every portion of it. 

Aside from the stampede to the Black Hills country in 1876, 
when gold-placers were discovered, and 15,000 or 20,000 people 
became infected with the mining fever, the region has never 
had a mining ‘‘ boom ” 

Quartz-mining commenced in 1877 or 1878, and has been 
successfully prosecuted ever since ; the output of gold steadily 
growing, until at present the yield is about |7, 000, 000 annually. 

This great production is about equally divided between two 
entirely different classes of deposits. The first class, comprising 
the so-called quartz or free-milling ores (of which the Homo- 
stake mine is the principal producer), are veins of generally 
steep dip, in the older metamorphosed rocks, and similar to the 
veins worked in other mining districts. The second class of 
mines is located in what is known as the siliceous gold-bolt.” 

The Siliceous G-old-Belt 

This belt, more particularly to be described in this paper, 
lies in the immediate vicinity of Beadwood and Lead City, 
and covers an area 6 or 7 miles in length by 3 or 4 miles in 
width. The formation in which the siliceous ores are found is 
a nearly horizontal series of sandstones and shales, generally 
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referred by geologists to the Potsdam period. These shales and 
sandstones were not originally gold-bearing rocks, but they have 
been cracked and fissured in all directions, and through these 
cracks and fissures gold-bearing solutions have permeated the 
formation, giving rise to a series of ore-chutes of variable width 
and thickness, and so numerous that the formation is literally 
riddled with chutes of ore. These ore-chutes are usually hori- 
zontal, and commonly extend for considerable distances in nearly 
straight lines, following the lines of fissure through which the 
ore-bearing solution has found its way into the formation 

Within certain limits of the developed area of this formation 
the formation is so completely mineralized that it is next to im- 
possible to sink a shaft more than 30, 40 or 50 feet, or to drive 
a drift, upraise or winze for the same distance, without striking 
ore. In other words, the uncertainty which usually attends 
prospecting for ores seems to be almost entirely eliminated, as 
ore 18 found in every tunnel or shaft. 

Most of these ore-chutes yield ore ranging in value from $10 
or $12 up to $15 per ton; some average $20 or $25 per ton, 
others have been found ranging in value from $30 to $100 per 
ton ; and the general average value of ore found in this forma- 
tion is from $12 to $18 per ton Of such ore, the quantity is 
at present incalculable, as will be understood when it is con- 
sidered that we have here a formation, 300 or 400 feet thick, 
with ore-chutes and ore-horizons scattered through it from top 
to bottom, in some places close together, in others more widely 
separated; that this condition obtains over an area of say 4 miles 
long by 2 miles wide ; and that the chutes are of variable width 
and thickness, so that, while it is not possible to make any state- 
ment as to the average width or average thickness, it is evident 
that the quantity of ore embraced within these limits is enor- 
mous 

This siliceous gold-belt of the Slack Hills seems unique as 
a gold-bearing formation. I do not know of any other dis- 
trict in the world where such a series of deposits has been 
discovered. There is no other district, except, perhaps, the 
South African gold-fields, where shafts may be sunk with the 
certainty that here obtains of striking ore. This is so thor- 
oughly understood by the owners of the recluction-plants 
that they have bought a large area of practically undeveloped 
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territory Claims, often entirely barren of all evidence of ore, 
have been purchased as confidently as coal-operators purchase 
coal-land, with the assurance that, while the coal may not be 
visible, it will be found beneath the surface. The district has 
not produced any great bonanza-mines Some ore-chutes have 
been found, yielding many hundreds or thousands of tons of 
ore, ranging in value from |50 to |150 per ton, and, before 
the reducing-plants were built, some of this high-grade ore was 
hauled by wagon 200 miles for shipment to works in Colorado ; 
but these are exceptional instances. Most of the ore available 
in this district ranges in value, as already observed, from |10 up 
to $20 or $25 per ton. 

Ebduction-W orks. 

This belt now supplies ore to four reducing-plants, as follows : 

1. The Beadwood and Delaware smelter, having a capacity 
of over 200 tons per day. 

2 The Golden Reward chlorination-mill, with a capacity of 
about 180 tons per day. 

3 The Horseshoe Mining Co.’s (Kildonan) chlorination-mill, 
with a capacity of 120 tons per day 

4. The Black Hills Reduction Co.’s cyanide-mill, with a ca- 
pacity of 60 tons per day. 

Meducing Processes — The ores of this belt are successfully 
treated by smelting, by chlorination, and by the cyanide pro- 
cess , and the ability to treat them successfully and profitably 
both by straight smelting and by pyritic smelting is demon- 
strated by the Deadwood and Delaware smelter, which uses 
both processes. 

Cost of Mining and Treatment — The cost of smelting under 
the conditions obtaining in this district probably ranges be- 
tween $4.76 and $5.75 per ton; the cost of chlorination is about 
$3.50 to $4.50 per ton, and the cost of treatment by cyanide is 
thought to be somewhat less, possibly $3 to $3.75 per ton. 
The location of reduction-works at a point where water-power 
might be used instead of steam-power would reduce the cost of 
treatment by the cyanide and chlorination processes about 60 
cents per ton. 

Notwithstanding the fact that ores can be treated at the low 
cost above stated, the metallurgical works charge for reduction 
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|9 per ton, which, with the railroad-freight of 75 cents per ton 
from the mines to the works, brings the cost for freight and 
treatment up to |9 75 per ton Individual miners, and opera- 
tors working in a small way, getting out hut a few tons of ore 
per day, generally find that the cost of mining, including dead- 
work and improvements necessary from time to time, brings 
the cost of the ore, delivered upon the railroad-cars, up to about 
|4 or more per ton This, added to the cost of transportation 
and reduction, practically leaves no margin of profit on ores 
averaging less than about |16 per ton. As the assay-returns 
from the reduction-works rarely show as large values as those 
obtained from assays of miners’ samples, the miners of the dis- 
trict do not, as a rule, attempt to mine ore that does not show 
by their own samples an average value of at least |16 or |17 
per ton 

Profits , — The owners of the reduction-works can profitably 
treat ores from their own properties that do not yield more 
than $10 per ton. hTow, it is precisely between these limits of 
$10 and $17 per ton that the values of the largest bodies of ore 
range , and there is in sight, in the district, probably five or ten 
times as much ore ranging in value from $10 to $17 per ton as 
can be found exceeding $17 per ton. It is, therefore, self-evi- 
dent that so long as the high treatment-charges obtain, mine- 
operators, in order to reap anything like the full measure of 
possible profit, must own and operate their own reduction- 
plants. This fact is now well understood by those familiar with 
the district, and is appreciated very fully by the owners of the 
several reduction-works already mentioned. 

Area Already Purchased . — Probably two-thirds of the devel- 
oped area within the limits of this siliceous ore-belt has already 
been purchased by the three great companies operating in the 
district, namely, the Deadwood and Delaware Smelting Co., the 
G-olden Reward Consolidated Co., and the Horseshoe Mining 
Co. The plants of these companies were all started in a small 
way, from six to ten years ago, and, after more or less checkered 
careers, have solved the problem of the efficient and econom- 
ical treatment of the ores, and have grown from small begin- 
nings to their present capacity. Prom the very outset they 
have all been steadily enlarging their capacity and are still con- 
tinuing to enlarge it ; they have all been buying additional ter- 
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litory, and are continuing to buy siicli territory when it can he 
purchased at what they regard reasonable prices , so that each 
one of these companies now controls a very large area of mining 
ground in this siliceous ore-bell 

What these companies have accomxihshed others may now 
duplicate without passing through the period of experiment 
and uncertainty which each one of these enterprises was forced 
to pass through before solving the problem of economic and 
enceessfnl ore treatment 

Railroads . — The district is well supplied with transportation- 
facilities by the Chicago and Northwestern and the Chicago, 
Burlington and Quincy railway-systems. Ample water for 
power and all other purposes is furnished by streams imme- 
diately adjacent to the mills and but a few miles from the 
mines Water sufficient for chlorination or cyanidiiig is avail- 
able at almost any point at which it might be desired to locate 
such works. 

Principal Black PIills Gold-Mining Companies. 

It should he plainly said, at the outset, that the history of all 
these corporations is not that of a search for gold-ore, hut that 
of the effort to find a process of treatment for extracting the 
gold economically and efficiently. There has never been any 
q^nestion as to the q^uantity or quality of ores available; that 
has been obvious from the beginning. 

In the free-milling gold-belt, the Homestake, Father de Smet, 
Highland, Deadwood, Headwood Terra and Caledonia were all 
located on a belt containing an enormous quantity of low grade 
(|4 to |6) ore, and the problem was merely one of cheap min- 
ing and milling. This solved, the profits quickly mounted into 
millions of dollars, 

In like maimer, in the siliceous gold-belt an enormous area 
was known to contain vast quantities of |10, $15 and $20 ore 
of a refractory nature, requiring chemical treatment or smelt- 
ing The problem was to find a cheap and efficient process for 
treating it. 

The following sketch shows how four difierent processes — 
straight smelting, matte and pyritie smelting, the chlorination 
process, and the cyanide process — ^have been successfully ap- 
plied to these ores. 
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These successes have been achieved only after years of costly 
and often disheartening experimental work. Plants were built, 
only to be torn down and rebuilt, superintendents were en- 
gaged, only to resign after ignominious failures , but, after an 
expenditure of hundreds of thousands of dollars, success finally 
brought its reward; and these corporations now measure their 
j)rofits, not by thousands, but by millions of dollars It is re- 
ported that the Golden Reward Co spent in this way |250,000, 
the Deadwood and Delaware Smelting Co. |500,000, and the 
cyanide-works $100,000, before their respective processes were 
treating ore profitably. 

These pioneers have now cleared the way for others Ex- 
perimentation with its vexations and costly delays is no longer 
necessary , and plants can now be built and operated with a 
full measure of profit from the outset. 

The ITomestake Gold Mining Go — In 1818 the machinery for 
the first 80 stamps of this company was made in San Francisco, 
and shipped by rail to Cheyenne, Wyoming, whence it was 
hauled by ox-teams to Lead City, a distance of 300 miles 
Eighty dollars per ton was paid for the freight alone. Mate- 
rials and supplies of all kinds were enormously high. Ijlot- 
withstanding all diffculties, the Homestake Co. commenced 
paying monthly dividends in 1879 ; and it is said that not a 
single month has since passed without the payment of a divi- 
dend, the amount paid growing larger from year to year The 
company is now working on the 800-foot level, and is said to 
have ore in sight to supply its mills for at least twenty years, 
at the present rate of about 2000 tons per day. The amount 
actually paid for the property and the installment of the mill 
is said not to have exceeded $400,000, while the amount paid 
in dividends up to Oct., 1899, is $7,933,750 The Homestake 
mills proper now have 400 stamps, the Highland mill has 
140 stamps ; and the Deadwood Terra has 160 stamps. These 
are all now under the Homestake consolidated management, 
and show a total of over $13,000,000 paid in dividends, in 
addition to about $3,000,000 expended out of the earnings in 
permanent improvements, and other large sums jiaid for the 
purchase of additional mining property. 

The Deadwood and Delaware Smelting Co. was organized m 
1889 by the Swift Bros., of Wilmington, Del , and Dr Franklin 

VOIi, XXX — 18 
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R. Carpenter, who is their present G-eneral Manager The 
project was purely experimental at the outset, the object being 
to demonstrate that the ores could be successfully reduced by 
pyritic smelting ; and after two or three years of experiment 
they succeeded in treating these ores not only by pyritio but 
also by ordinary smelting methods. Since this demonstration 
the company has enlarged its plant year after year, until it is 
capable of treating about 260 tons per day, and produces about 
12,000,000 in gold per annum. In addition to the constant 
enlargement of the plant it has been steadily acquiring property 
in this gold-belt, until it now owns over 2600 acres. 

It is reported, however, that this company spent about $500,- 
000 before it succeeded in perfecting its smelting-processes, so 
that the works began to show a profit over operating expenses. 

The Golden Reward Consolidated Gold Mining and Mdliiuj Co. 
was organized in 1887, and undertook in 1890 to treat the 
siliceous ores by chlorination, which, at that date, was an ex- 
periment, pure and simple After about two years of costly 
experiment, it was found that these ores could be so treated at 
a fair profit ; and the company has been successfully operating 
the process ever since. Its chlorination-mill has been enlarged 
several times, and now has a capacity of about 180 tons of ore 
per day. For several years past the company has been buying 
mining claims in the siliceous gold-belt, and now owns about 
1000 acres. 

The Horseshoe Mining Co. (Kildonan Mill). — This is another 
successful concern, operating in the siliceous ores of the Black 
Hills. The capital invested by this company came from 
Montreal. The Kildonan mill is a chlorination-plant with a 
present daily capacity for treating about 120 tons of ore. It 
was constructed a few years ago as a smaller mill, and has been 
twice enlarged The corporation has also acquired large tracts 
of mining ground in the siliceous belt, and now owns about 
840 acres The Kildonan mill was successful from the outset. 
Constructed after the G-olden Reward had shown how chlorina- 
tion should be supplied to these ores, it escaped the experi- 
mental period which was so costly to its predecessors. 

The Black Hills Reduction Co.’s Cyanide Mill — This plant was 
built about five years ago It has gone through the same ex- 
perimental stages as the other plants. As originally constructed. 
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it was insufficiently equipped witli crushing-maeliinery. The 
best method of applying the cyanide process to these ores had 
to be learned by experience, and by trial and retrial of different 
methods, before success was finally achieved. 

The plant has recently been running smoothly, with a capacity 
of about 60 tons per day, and at a cost said to be somewhat less 
than that of the chlorination-process. 

The Smith Syndicate — Mr Frank 0. Smith, for a time general 
manager for the G-olden Reward Co., has recently formed a 
syndicate of Minneapolis capitalists to purchase ground in the 
siliceous gold-ore belt. They have bought about 100 acres of 
ground in this belt, and are now planning the erection of re- 
duction-works. 

In addition to these plants, there is a small cyanide-plant at 
Spearfisli treating ores from the Ragged Top district , and there 
18 a small mill at G-arden City, where both the chlorination and 
the cyanide-process have been used 


A New Method for Working Deep Coal-Beds. 

BY H M CHANCE, PHILADELPHIA, PA 
(Washington Meeting, Pebruaiy, 1900 ) 

In almost all coal-fields, the quantity of explosive gases 
given off by the coal increases as depth is attained, requiring 
correspondingly enlarged quantities of air to ventilate the 
workings properly, by diluting and carrying off the gas. 

Again, with increased depth there is a corresponding in- 
creased pressure caused by the weight of the overlying strata 
Sandstone or slate, which would form a good roof for a coal- 
bed at a depth of 300 or 400 feet, maybe unable to sustain the 
pressure of 800 or 1000 feet of overlying rock. Hence, in nearly 
all deep mines, the miner will generally describe the roof as 
“ bad,” although the roof-rock may be a firm slate, forming 
an excellent roof for workings of moderate depth, but unable 
to stand the pressure resulting from the weight of a great 
thickness of overlying rock 

With increased weight of rock-mass above comes also 
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greater danger of a “ squeeze,” or general ernsliing-dowii of 
the pillars of coal left to support the roof. 

The methods of development in common use do not properly 
provide for the necessary increase in ventilation, as the work- 
ings extend over a constantly enlarging area. Attempts have 
been made to use the “ three-entry ” system for this purpose, 
by driving the haulage-road of extra width, to secure additional 
cross-sectional area for it as an intake, and by driving two par- 
allel openings, one on each side, for return-airways , but this 
system does not provide sufficient area, and involves large ex- 
penditures for timbering and maintenance of the wide haulage- 
road 

To reduce the cost of timbering and maintenance of the 
main haulage-road, it is evident that this should be driven as 
narrow as possible. When this is done, the roof will often 
stand for years without timbering ; and even where timbering 
is required, a narrow road will cost far less for maintenance, 
and occasion fewer delays and accidents from roof-falls, than a 
wide one. 

The system in common use is to drive the main haulage- 
road and its airway together, in advance of the development- 
work If the coal to be developed is to the dip, this haulage- 
road becomes an inside slope ; if to the rise, it becomes a plane; 
and if the coal is tolerably flat, it may be driven on water-level, 
or, across the dip, on the face ” of the coal. The gangways 
or entries, ftom which rooms or chambers arc opened for the 
milling of coal, are driven on the water-line (or “ on the butt ”), 
being started away from the main haulage-road, to right and 
left, at intervals of 300 or 400 or more feet 

To prevent a “ squeeze ” from closing the main road, a thick 
barrier-pillar is left on each side of the main road and its air- 
way, to separate these from the working-places. 

As the workings extend, it soon becomes evident that the 
main haulage-road is not large enough to pass the required 
quantity of air into the workings, nor the airway large enough 
to return this air to the upcast. To increase the ventilation, 
the most obvious expedient is to use both haulage-road and air- 
way as intakes, and to pass the air through the old workings 
back to the shaft ; — and this is one of the plans most frequently 
adopted But it gives rise to serious troubles, and, moreover. 



A NEW METHOD FOR WORKING DEEP COAL-BEDS 


287 


does not solve the problem , for the proper control of the air in 
its passage through the worked-out territory soon becomes im- 
possible , and, furthermore, the ventilation is reduced to two 
splits (one on each side of the main haulage-road), whereas, 
five or six splits may be necessary to ventilate the new work- 
ings adequately. This plan is open to the additional objection 
that a squeeze m the worked-out territory on either side of the 
haulage-road closes the return from that side, and completely 
cripples the system, if it does not necessitate a shut-down of 
the colliery and a re-modeling of the whole method 

The difficulty with all the systems in common use is that, as 
the haulage-roads extend to greater distances from the shaft, 
and more air is required to ventilate the constantly enlarging 
area, the quantity that can be circulated is (by reason of the 
increased friction) steadily diminished. It frequently happens, 
when gaseous territory is encountered, requiring more air than 
can be thus supplied, that the mine, or a part of it, must be 
abandoned until the gas has gradually “ drained oft*.” 

Many plans suggested to meet these difficulties have had 
no more than an experimental application, on account, perhaps, 
not of defects in design, but of local difficulties encountered in 
carrying them out in practice. 

It should be recognized at the outset that no method can be 
regarded as feasible or practical that involves extraordinary 
expense Competition among coal-producers is always too keen 
to permit the adoption of any plan which cannot be executed 
as cheaply as those in common use. Most of the so-called im- 
proved plans for mining deep coal have been impossible of ap- 
plication because they have involved either increased first cost, 
increased cost of maintenance or increased mining-cost 

hlo suggestion will be accepted as an improvement over 
present methods that does not promise a reduction in the cost 
of producing coal. Such a reduction may be effected in sev- 
eral different directions. Thus, a new method might cheapen 
the coal 

1. By enabling a larger area to be worked from the central 
or main hoisting-shaft, thus apportioning the first cost of im- 
provements among a greater number of tons ; 

2. By increasing the percentage of coal mined from a given 
area, thus reducing the first cost, or purchase-price, of the 
the property, per ton of available coal , 
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3 By increasing tlie daily output of the mine, which may 
effect a great recluction m cost by apportioning the fixed 
charges,— taxes, rent, management, general expenses, foremen, 
repairs, etc , — among a larger number of tons ; 

4. By decreasing the cost of the dead-work ; 

6. By decreasing the cost of maintenance of gangways and 
airways ; 

6. By reducing the risk of accidents to miners and employees, 
and damages recovered by employees or their heirs, by reason 
of such accidents; 

7. By reducing the risk of damage to the mme-worknigs by 
sq^ueezing, roof-falls and explosions ; 

8. By increased efficiency of laborers and miners, due to im- 
proved conditions of ventilation and haulage-roads , 

9. By lessening the delays and expenses incidental to roof- 
falls on haulage-roads ; 

10 By increased life of timber, due to efficient ventilation. 

The cost depends largely upon the output, and any method 
by which the output is increased will effect a notable reduction 
m the cost per ton Other most promising directions in which 
to work witli a view to economy may be found in lesaciiing the 
cost of dead-work, and of the timbering and maiiitcnanco of 
haulage-roads. 

With these ends in view, the system now to be described has 
been devised, the aim being, (1) to enlarge the area that can 
be mined from a given shaft; (2) to increase the output; (3) to 
reduce the timbering required on baulage-roads and lessen the 
cost of maintaining these roads ; (4) to remove the clanger of 
closure of haulage-roads and airways hy squeezing ; (5) to pro- 
vide adequate ventilation for emergencies, such as outbursts of 
gas , (6) to provide increased transportation-facilities , and (7) 
to accomplish these ends without incurring expense in any 
direction m excess of that of the systems in common use. 

The plan is illustrated by the accompanying plate. The 
main haulage-road and its accompanying airways are driven 
ahead into new territory, and gangways or butt-entrios are 
turned off, as in present practice, except that the haiilage-road 
and airway are made as narrow as the width of the car will 
permit, that is, just wide enough to permit a man or mule to 
pass a car standing on the track, thus reducing the first cost of 
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timber and the cost of maintenance to a minimum, and greatly 
lessening the probability of roof-falls on these roads. 

As soon as any gangway or butt-entry is opened, two rooms 
or chambers are opened on each side of the mam road, and are 
driven up, parallel to that road, until they are holed through 
into the next gangway or butt-entry, as shown in the diagram. 
These rooms and chambers are driven wide enough to let the 
work be done at the prevailing contract-price, per car or ton, 
for mining coal. They are, therefore, in no sense dead-work. 

The rooms nearest the main road are driven somewhat nar- 
rower than the outside rooms, and the latter may be very 
wide. Reasonably thick pillars of coal are left between each 
pair of rooms and the main roads, and between the two rooms 
of each pair. Beyond these outer rooms or chambers a thick 
barrier-pillar is left, one on each side, to protect these rooms 
and roads from the effects of a squeeze in the workings. 

’When these rooms or chambers have been connected, we 
have what may be termed a six-entry system, in which the four 
inside entries are all used as intake-airways, and the two out- 
side entries as retiirn-airways 

The two outside chambers or rooms give a large area for the 
retnrii-air to find an easy exit to the upcast, and the inside 
chambers or rooms, m addition to their use as intake-airways, 
may he used as manways, one for each side The miner can 
thus go to and from his work without crossing the mam haul- 
age-road. 

In operating this system, the ventilation of each lift or panel 
should of course be kept entirely independent of other work- 
ings, a separate split being taken in on each gangway, passing 
under a bridge in crossing the retnrn-airway, and, after being 
coursed through the workings of that lift or panel, brought 
back through the airway direct to the mam return-airway. 

If the inside rooms used as intakes require much propping 
to keep up the roof, the narrow road originally driven for an 
airway may he used as a man-way or travelling-way, instead of 
these rooms. 

Should the output become too large to be handled on a sin- 
gle track, the narrow airway may he equipped as a second 
haulage-road 

This system secures always the main entrance to all parts of 
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the mine, and enables efficient ventilation to be maintained, 
even if a part of the mine become closed by a squeeze ; for the 
main roads, intakes and returns are protected, and a squeeze 
will affect the ventilation of that portion only of the property 
over which the squeeze extends. 

Should very gaseous territory be penetrated, or an outburst 
of gas occur at the face, this system gives facilities for concen- 
trating almost the entire power of the ventilatmg-faii upon the 
danger-spot, and thus for passing enough air through to make 
the place safe, and permit work to be resumed and prosecuted, 

The method involves no extra charge of any kind for dead- 
work, beyond that of the method in common use , it lessens the 
cost of timbering and maintenance of the main haulage-roads , 
enlarges the area that may be developed with a single xolant , 
increases the number of working-places that can be kept in 
operation, augments the transportation-facilities; provides 
much needed travelling-ways ; perfects the protection of these 
improvements from the possible effects of a squeeze, and prac- 
tically divides the mine into two distinct halves, each with its 
independent airways and roads 

The difficulties outlined above are now commencing to bo 
felt m nearly all of our deeper coal-fields. We constantly hear 
of attempts to force more air through the growing workings of 
deep mines by the use of higher veutilating-pressures ; and a 
demand has manifested itself for fans capable of being run at 
high peripheral speed, to produce a water-gauge reading much 
higher than that of from 1 to 2 inches, generally registered 
hitherto. It is, perhaps, unnecessary to point out the reasons 
why this is neither the most economical, nor theoretically the 
best, way to secure increased ventilation, or to describe the 
conditions that must always limit the improvement so gamed 
to relatively small proportions. 

Upon failure to increase the ventilation satisfactorily by 
higher fan-speed, and the enlargement of existing airways, 
resort is frequently had to the remaining expedient of sinking 
additional airshafts, to ventilate the workings farthest removed 
from the main shaft This, of course, solves the problem ; but 
ill deep territory the cost of sinking such shafts is large, and 
materially adds to the mining-cost per ton 
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Gruson Rotating Turrets 

BY T GUILFORD SMITH, C E,, BUFFALO, N Y 
(Washington Meeting, Pebiuary, 1900 ) 

In presenting the subject of “ Armored Turrets for Coast 
Defense ” to this Institute, I am indebted to the Gruson Iron- 
works, a company incorporated under the laws of the State of 
Hew York, for valuable information, model and plans, by 
which I hope to make clear the construction and peculiar merits 
of this class of gun-protection. 

I wish it understood, however, that this is not an undevel- 
oped and untried inventor’s ideal, but an advanced and fully 
perfected system, which has long since passed the experimental 
stage and has been adopted by most of the foreign governments, 
after years of extensive experimenting and the expenditure of 
millions of dollars. 

The present seems an appropriate time to present the matter 
to the scientific public, since, for the first time, it is possible to 
produce these turrets in this country, of American material, 
and made by American workmen, owing to an agreement 
entered into between the Gruson Iron-works and the Fried. 
Krupp Grusonwerk, of Magdeburg-Buckau, Germany, where 
they have hitherto alone been manufactured. Although its 
full development and present perfection have been attained at 
the German works, it may be of historic interest to state that 
the first idea of using a rotating protected platform for large 
guns originated with Mr Theo. Buggies Timby, a native of the 
State of Hew York, who filed a caveat in 1843 for a “ metallic 
revolving fort, to be used on land or water, and to be revolved 
by propelling engines located within the same and acting upon 
suitable mechanism.” This was followed in 1862 by the issu- 
ance to Mr. Timby of two patents (Ho 35,846 and Ho. 36,693) 
covering the ideas described in his caveat of 1843. The first 
practical application of this system was made on the “ Moni- 
tor,” of Civil "War fame, Mr. Timby receiving $10,000 for two 
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turrets as royalty for the use of his invention by John Erics- 
son, to whom this construction is usually, but erroneously, 
ascribed. 

The manufacture of G-ruson armor has been closely watched 
by our government for the past fifteen years ; its merits having 
been recognized in the official report of the “ Endicott Board ” 
made in 1886, in which the system is spoken of as being well 
adapted for the needs of our coast defenses at certain points. In 
the report of the “Board” (printed as Executive Document 
ETo 49, first session, Forty-ninth Congress) they say that the 
shore-batteries may be revolving turrets, and they recommend 
such turrets as a part of the proposed defenses of the ports of 
Hew York, San Francisco and Boston, besides Hampton Koads, 
Harraganaett Bay and Key West The report recommends at 
the above places the installation of nine 2-gun turrets for How 
York, five 2-gun turrets for San Francisco, four 2-gun turrets 
for Boston ; two 2-gun turrets for Hampton Roads ; one 2-gun 
turret for Harragansett Bay; and one 2-gun turret for Key 
West, making a total of twenty-two complete turrets. 

Just before the publication of this report, a trial of Gruson 
armor was made by the Italian government at Spezzia. The 
trial-plate, weighing 193,895 pounds, was mounted against the 
solid rock, being flanked on either side by two junction-plates. 
It withstood four direct shots, at a range of 150 yards, from a 
100-ton (16.98-inch) Armstrong gun, using Krupp steel projec- 
tiles ; the result of the hits, which all landed in about the same 
place, being three abrasions, varying from 1|- inches to 4 inches 
in depth, and a number of fine cracks on the surface, none of 
which, however, showed upon the rear of the plate. All of 
the steel projectiles were shivered into thousands of pieces 

At this trial representatives of the United States Enginoor 
and Ordnance Corps were present, and the test was considered 
absolutely conclusive by all the ofificial representatives of the 
great powers. Since then Gruson turrets have been purchased 
and erected by the governments of Germany, Italy, Austria, 
Holland, Belgium, Switzerland, Roumania and Brazil Some 
time ago there was an interpellation in the British Parliament 
by one of its members, by which the government was asked 
why there had not been any tests in England of Gruson tur- 
rets, to show their capability of withstanding heavy fire with the 
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most approved modern ordnance and projectiles. The chief 
naval constructor answered. “We know enough of these 
turrets to say that where foreign coasts are protected hy G-ruson 
turrets British war-ships will not go.” 

During the late war with Spain there was not sufB.cient time 
to obtain these turrets from Germany and place them in posi- 
tion, hut now that we are again at peace, and the importance 
of defending our coast from enemies has been so clearly shown, 
it seems opportune to call attention to the means of defense 
adopted by foreign countries, indorsed with approval by our 
own officers sent abroad for the purpose of investigation 

What are Gruson turrets ’ What do they look like ^ Of 
what are they made, and what makes the protection they afford 
so complete ? 

These questions can best be answered by imagining two big 
coast-defense guns, say of 12-inch bore, or perhaps even of 16- 
inch bore, such as the monster gun just completed at Watervliet 
Arsenal and soon to be tested at the proving-ground at Sandy 
Hook, in Hew York harbor. In the Gruson turret two such 
guns are placed side by side on independent carriages, and the 
latter are set up on a platform of steel construction with all the 
necessary apparatus for changing their angle of elevation, upon 
which depends the range, also for hoisting their ammunition 
from the bomb-proof below, for opening and shutting their 
breech and ramming in the ammunition. Imagine all this appa- 
ratus on a turn-table to allow the guns to send their fire in any 
direction by a simple rotation of the platform, and you can ob- 
tain some idea of the appearance and operation of the turrets. 
There is need of protection for guns and men, not only in front 
and on both sides but overhead as well ; for the accuracy of 
modern naval ordnance permits of sending projectiles from 
considerable distances so aimed as to reach the point of delivery 
under angles from above, striking behind ramparts of earth or 
stone in such a manner as to destroy and dismount guns and 
any machinery connected with them. 

Explosive shell and shrapnel can be fired so accurately, and 
their explosions in the air regulated so well, that they will burst 
directly over the heads of the gunners and hurl their missiles 
straight upon them. The Gruson turret, in exposed and well- 
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advanced positions, at or about the sea-level, furnishes abun- 
dant shelter from all these kinds of attack It is shaped like 
the shell of a turtle, and is mounted over and around the guns 
and their men, leaving only two port-holes just large enough 
for the gun-barrels to protrude, and a small lookout in the top- 
plate for sighting them. This protective shell consists of a 
number of sectors, varying according to the size of the turret, 
forming the circumference of the flat dome or cupola, and two 
half-circular plates forming its roof, the sectors giving protec- 
tion on the breast and the roof-plates giving protection over- 
head. The dome rests on a substructure made of steel plates 
and strengthened with angle-irons. Heavy steel beams run 
across this substructure to carry the carnages on which the guns 
are mounted. The substructure is further provided with a 
roller-path of cast-iron, resting on a number of conical flanged 
steel rollers, the axles of which have their bearings in a live 
ring which keeps them in proper relation to each other. The 
conical shape of the roller allows them to revolve, without the 
aid of a central pivot, on a stationary roller-path imbedded in 
the masonry 

The cupola is surrounded by the so-called glacis-armor ” 
which forms a ring of double-curved chilled cast-iron plates 
somewhat similar to those used for the cupola, but which arc set 
upon solid masonry, are stationary, and protect the suhstruct' 
ure, gun-carnages, and the machinery by which the turrets and 
guns are operated. 

The glacis-armor is itself further protected by a construction 
of granite and concrete The cupola can be revolved either by 
hand-, steam-, hydraulic, electric or other motive-power, as may 
be most convenient. 

To revolve the turret by hand a capstan is provided, which 
transmits its revolutions through gearing to a pinion and racer 
fastened to the upper roller-path. Turrets for the larger sizes 
of guns are generally revolved by steam-power, for which pur- 
pose a two-cylinder engine is placed in the lower gallery. The 
starting-lever for the engine is operated from the middle gallery. 
Both hand- and steam-power can be made interchangeable by 
suitable mechanical apparatus, thus providing against the con- 
tingency of the failure of either. 

In order to stop the turrets from revolving spontaneously, 
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draulic eylindeiB are connected by pipes to a pressure-trane- 
former in the center of the turret 
The dome is perforated hy two port-holes through which the 
guns operate side by side, and which so closely surround them 
that no projectiles from the outside can penetrate into the in- 
terior of the structure In order to make this possible, the 


Fiu 2, 




General Plan and Elevation of a Turret to Contain Two 12-incli Gnns, showing also 
Arrangement and Position of Pumps, Boilers, Eotary'Apparatua, Ammunition-Hoists and 
Auxiliary Machinery 


guns are mounted on special carriages, technically known as 
“ Grnson minimum port carriages, which provide for the ele- 
vation and depression of the guns from a pivot near the center 
of the embrasure, instead of having these movements take 
place on the trunnions of the gun. Such an arrangement 
makes it necessary to lift a considerable weight with every 
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change in Ihe elevation of the gnn, and for this purpose hy- 
draulic accumulators are provided and supplied hy a special 
set of high-pressure pumps. 

The horizontal movement of the gun is effected hy rotating the 
turret, the amount of such motion necessary to a proper sighting 
being regulated by the commanding officer, who has his station 
in the center of the cupola and makes his observations through 
an orifice in the dome or roof, in which is also provided a 
sighting-apparatus. A hoisting-and-charging mechanism is 
likewise provided, and operated by hydraulic or steam, as may 
be desired. 

A reference to the illustrations will clearly demonstrate the 
general design and construction of the modern Gruson turret 
as now manufactured 

Tig. 1 shows a cross-section of the turret, gun-carriages and 
glacis-armor, together with the hydraulic-accumulators for 
elevating the guii-carriages. 

Fig 2 IS a general plan and elevation for a turret to contain 
two 12-inch guns, and shows, in addition to the above, the 
arrangement and position of the pumps, boilers, rotary appa- 
ratus, ammunition-hoists and auxiliary machinery. 

Fig 3 gives detailed sizes of certain parts for the purpose of 
indicating the magnitude of the work. Some of the individual 
plates for a 16-inch turret will weigh about 90 tons, and great 
skill IS necessary to successfully handle such a mass, with its 
subsequent special treatment and accurate machining The 
revolving chilled cupola for a 12-inch 2-gun turret is composed 
of 14 plates having an aggregate finished weight of 1,667,000 
pounds; the protecting stationary chilled glacis-armor being 
composed of 12 plates having a total weight of 1,175,000 
pounds. 

A cupola for a 16-inch 2-gun turret weighs 2,860,000 pounds 
and the glacis-armor 1,415,000 pounds. 

The total finished weight of a 12-inch 2-gun turret, exclusive 
of the guns, is about 3,700,000 pounds, and of a 16-inch turret 
about 5,800,000 pounds. 

The material used for the cupola and glacis-armor is a spe- 
cial quality of cast-iron, hardened by surface-chilling to a depth 
of 2| inches or m.ore. The plates or sectors going to make up 
a complete fortification are double-curved and of varying thick- 
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nesses, according to their location, and are held together by 
means of imbedded keys, no bolts or rivets being used 

The great mass and weight of the G-rnsoii turret precludes 
Its use for ship-protection 

When once established, the Gruson turret is easily main- 
tained, owing to its simplicity of construction, its solidity and 
minimum risk of deterioration, and it requires less repair than 
any other kind of fortification, owing to the fact that the guns 
and carriages and interior structure are so thoroughly pro- 
tected from the elements In addition to this, it is the cheapest 
and most effective form of structure for gun-protection which 
can be adopted for low or advanced and exposed points, such 
as the entrance to the harbors of important cities, where high 
elevation cannot he obtained for the construction of the ordi- 
nary style of fortification 

These turrets are not intended to take the place of any 
existing form of fortification where the nature of the ground 
renders such fortification sufficiently effective, but are for use 
especially in localities where it is necessary to fortify points at 
or about the sea-level, and where its form would render it incon- 
spicuous and present a very small target to an attacking enemy; 
since it IS possible to render it almost indistinguishable from 
its surroundings, especially in the absence of buoys, lights, 
ranges, and the ordinary aids to navigation which are removed 
in time of war 


The Roller-Pallet System for the Manufacture of Bricks. 

BY CLEMENS CATESBT JONES, B S , EIGHMOND, VA 
(Washington Meeting, February, 1900 ) 

One of the achievements of the present century has been the 
development of brick-making from the crude and humble 
handicraft of the individual to a potential industry employing 
machinery, requiring immense capital, and now demanding 
that scientific direction which will finally raise it to the im- 
portance and dignity of a modern industrial process. It is as 
yet in the first stages of progress in this direction The con- 
stant obstacle to a fully developed process has been the treat- 
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meat, by three separate and distinct operations^ necessary to 
produce a unit of product — ^the single brick — having a weight 
of about 5 pounds, a mass of about 80 cubic inches, and a mar- 
ket-value of about half a cent. It must first be formed, then 
dried, and then fired. Since there is no possible means at 
present of accomplishing these results by a single continuous 
operation, it will be seen at a glance that the manual labor still 
indispensable constitutes the largest item in the cost of manu- 
facture While this applies especially to the common clay 
brick as a standard, the same conditions affect other clay prod- 
ucts, such as pressed bricks of all descriptions, ornamental 
bricks, terra-cotta and fi.re-bncks 

When the market-value of a crude commodity declines 
to a point where the manufacturer can no longer produce it at 
a profit, the aid of labor-saving machinery becomes necessary, 
and the various phases of each manufacturing operation require 
systematic control. This necessity gradually extends from the 
factory to the field The raw material, its extraction and prepa- 
ration, then require attention. The scale of operation now de- 
manded of the hrick-maiiufacturer not only calls for an ade- 
quate and suitable supply, but the cheapest methods of mining 
and transporting clay. In addition to this, the thorough sur- 
vey of unknown clay-deposits, with careful examination of the 
quality of their contents, is now recognized as of paramount 
importance. In other words, the whole art of brick-making 
will have soon passed from the manipulations of the mere 
artificer to the progressive systems of the chemist and the en- 
gineer. 

The most successful modern plant will he that which is pro- 
jected, designed, equipped and operated in accordance with 
scientific principles and methods Such a statement sounds 
axiomatical. But, although brick-making has every appearance 
of being the simplest of arts (if not the original of them all), 
and hence capable of quick radical improvement by mechanical 
means, yet, in reality, development has perhaps been more re- 
tarded in this than in any other industrial branch ITiidouht- 
edly, special machinery for particular operations has been 
brought to high effectiveness. Drying apparatus and improved 
kilns have been successfully introduced. Still the factor of 
labor has not been diminished proportionately , and frequently 
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an assemblage of the latest and best machinery and apparatus, 
while securing larger output and other advantages, has resulted 
in an increased cost of manufacture. 

A truly successful industrial process should be as largely as 
possible dependent on mechanical means, and capable of opera- 
tion without interruption. Heretofore there has been, in brick- 
making plants, no combination of special mechanical devices 
thus permitting continuous operation. Hence every interruption 
(which means a point at winch manual labor intervened) con- 
tributed to an aggregate manufacturing cost almost comparable 
with that of the crudest manual methods. The explanation of 
the slow mechanical advance of brick-maldng to the rank of a 
process lies, I think, in these few, simple causes, the reasons of 
which will be discussed further on. The importance of a suit- 
able mechanical system eliminating these defects will be bet- 
ter appreciated through a brief account of prevailing industrial 
conditions and practice. For such an account, the fundamental 
fact is that nearly three-fourths of the cost of manufacture of 
bricks to-day consists of labor alone So far as I am aware, 
this disproportion of labor-cost to the value of either raw ma- 
terial or finished product is not equalled in the production of 
any other commodity. 

The magnitude of the brick-industry in the United States 
may be measured by the value of the output for 1898, which 
was $57,644,706 Various attempts have been made to estab- 
lish a coefficient of consumption of bricks per capita of popula- 
tion , but they are more or less fallacious. The consumption 
of bricks in Hew York City is very close to 1,000,000,000 per 
annum. Of this number about 900,000,000 are now annually 
produced in the Hudson river valley. As the largest, most 
compact and most interesting territory, the Hudson river val- 
ley will best serve in illustrating the conditions and develop- 
ment of clay-mdustries. 

The top of the Hudson river clay-deposits varies from 30 to 
130 feet above mean tide-level. These deposits are stratified 
clays, lying nearly horizontal in terraces that have been eroded, 
leaving a steep, often precipitous, face extending to the river’s 
edge The regularity of these terraces, contrasted with the 
rocky crags and wooded crests by which they are surmounted, 
imparts the picturesque charm peculiar to Hudson river scenery 
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In many places the advent of the hrick-industry has converted 
the natural heauty of these shores into scenes of rude though 
active enterprise. The selection of a elay-deposit for industrial 
development required a level tiaet, either naturally or artificially 
formed, above mean tide-level, with a river-frontage along the 
base of the deposit Upon this the plant was erected, the clay 
was mined, and manufacturing began. Aside from the intro- 
duction of steam-power, the use of better machinery, and the 
partial employment, here and there, of some modern improve- 
ment, the general method of manufacture to-day is practically 
as it began in the Hudson river valley. Thus while brick- 
making has elsewhere developed generally, it is here primitive 
and heterogeneous, with only occasional modern outfits The 
absence of competitive territory has probably contributed 
largely to this condition 

The methods in vogue for mining clay are * 1. Digging with 
pick and shovel — unsystematically 2 Digging with pick and 
shovel — ^working by benches. 3. Excavating with plows and 
wheel-scrapers. The first method is not applicable to banks 
more than 20 feet high. The second method, working by 
benches from the bottom upwards, is the common one, the 
benches being made wide enough for a horse and cart The 
last method is very little employed. 

After the clay has been dug, it is usually conveyed in carts to 
the machines, an average hanl of about 1000 feet. In many places 
the hanl is now over half a mile. The road must be kept iii 
repair, and frequently steep grades are unavoidable. At some 
localities the roads must be corduroyed in the wet season 

The production of 900,000,000 bricks will require 1,080,000 
cubic yards of clay and 360,000 cubic yards of sand, which 
altogether will weigh 3,456,000 tons, to he handled iii one season 
of 6 mouths. One horse and cart, with a hanl oF 1000 feet, can 
make 42 trips per 10 hours, conveying about 21 cubic yards 
(according to Trantwine, 14.3 cubic yards). On a basis of 160 
working-days, the duty of one cart is 3150 cubic yards in a 
season. Therefore 457 horses and carts (minimum) must he ' 
employed in this work per season, and this number of horses 
must be fed and tended the year round. It is reasonable to 
suppose that the actual number engaged is greater than this. 
Each operator on a large scale would necessarily have a re- 
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serve ; for, besides ordinary contingencies, mining and hauling 
clay under these circumstances are subject to weather con- 
ditions , and suspension for a day or two requires increased 
duty on resuming -work, in order to make up the average out- 
put. Assuming the present average machine output to be 
25,000 bricks per 10 hours, 3 horses and carts can supply one 
machine. According to all data obtainable, including those of 
personal experience, the substitution of cars drawn by horses 
on tracks effects only a slight diminution in cost About the 
only advantage it offers is the possibility of continuous hauling 
irrespective of weather The use of locomotives is cheaper for 
long hauls Cars with a combination of power direct from the 
line-shaft and gravity-planes from the clay-bank furnish, un- 
doubtedly, the best and most economical method of conveying 
clay to the machines. 

The subject of mining clay economically and to the best ad- 
vantage is still an open one Operations in the summer season 
only, as now customary, suggest the use of the steam-shovel, by 
analogy with similar work in different fields. But the differ- 
ence between the use of a steam-shovel as a mere excavating- 
machine and its use as a mining-machine should be borne in 
mind. "Where it is available for the latter purpose, it will 
doubtless reduce the cost of mining below that of any other 
practicable method. It would be impossible, however, to use a 
steam-shovel located at the base of a clay-bank , the height of 
the bank and the tendency to “ slides ” preclude such an ar- 
rangement. Apparently the only way is to begin at the top, 
at a suitable elevation, corresponding to the sweep of the shovel, 
and carry out the bench horizontally, as begun, over the entire 
deposit, proceeding with successive levels in like manner to the 
bottom of the deposit But this may involve serious disad- 
vantages in working a deposit, the character of which has not 
been previously determined. In many of the developed locali- 
ties the layers of clay differ from the top to the bottom of the 
deposit. This difference may not be confined to the chemical 
composition of the clay layers alone, but may extend to acci- 
dental materials lying between them. Accordingly, in work- 
ing a deposit on a large scale, it might be advantageous to 
employ two shovels For continuous operation through the 
year, the use of a steam-shovel requires suitable protection of 
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the clay-hank in winter, though in working day and night this 
would he unnecessary. For protection at night, mats made of 
straw or rushes, hung against the hank, will protect it, the crust 
of frozen clay being easily removed in the morning. It is per- 
fectly feasible to work during the day only, m this manner, 
through severe winters. But the work should he planned so 
that mining will he uninterrupted. It is neither economical 
nor convenient to store wet clay, especially in winter. 

In many instances the clay from the bank is shoveled direct 
into the brick-machines , otherwise, “ tempering in a ring- 
pit, by means of a single wheel, is still employed. The clay is 
shoveled from the pit into the machine. This method belongs 
to the wheelbarrow-era. In some cases the clay is fed direct 
into a pug-mill — a trough-like receptacle containing a revolv- 
ing horizontal shaft armed with spirally arranged cutting- 
knives, hy which the clay is broken up, mixed, tempered with 
water, and fed direct to the brick-machine. 

The brick-machine commonly employed is a rectangular 
wooden receptacle, open at the top, and provided with a verti- 
cal shaft having horizontal arms. The lower arms or “ wings ” 
have a wide curved face, for forcing the clay into the press-box 
on the front of the machine A vertical plunger in the press- 
box forces the clay through the “jack-mould,” at the bottom of 
the press-box, into a wooden mould automatically presented to 
coincide therewith at each plunger-stroke. The previously 
moistened moulds are sanded before being pushed by an at- 
tendant into the space under the machine, each empty mould 
advancing to replace the preceding filled one. Hence the term 
“ sand-moulded ” bricks. The moulds are rectangular frames, 
open on top, having compartments for six bricks As the filled 
moulds are pushed out sidewise in front of the machine, an 
attendant removes them. Another attendant receives and 
“ dumps ” the moulds on pallets,* upon which the bricks are 
usually dried. The pallets are successively presented by a 
fourth attendant 

With regard to drying, the best modern system only will be 
here 'described, since it applies equally well to all clay-products. 
Drying by artificial heat is accomplished by the use of steam, 

* This name is given to the board or frame used for carrying newly moulded 
bricks 
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or hot air direct, with natural draught, or by either method 
with forced draught The dryer, through which the heat is 
conducted, is a senes of long tunnels, provided with doors at 
each end, built to accommodate a number of wheeled trucks or 
cars moving on tracks. For sand-moulded bricks the cars are 
constructed of angle-iron to form racks, having cleats or slides, 
capable of supporting 72 loaded pallets, or 432 bricks. When 
a complement of wood or steel pallets has been placed upon 
a car the latter is pushed along the track into the dryer. When 
the necessary amount of moisture has been expelled from the 
bricks the cars are drawn out m succession at the delivery-end 
of the dryer and conveyed to the kilns, where the bricks are 
removed from the pallets. By reason of the area covered by a 
single car with a rigid truck, all track-connections must be 
rectangular, and transference from one line of tracks to another 
must be accomplished by means of turntables, transfer-cars or 
cranes A series of tunnels requires a series of corresponding 
tracks ; hence, at each end of the dryer there must be facilities 
to change the direction of any line of track. Since these tracks 
traverse the entire plant, leading to the kilns and returning to 
the machines, a system of tracks interrupted by turntables, 
transfer-cars or cranes, is the unavoidable result. As a single 
car, weighing about 1 6 tons, contains 432 bricks, 60 cars are 
necessary for 26,000 bricks. 

Since the drying takes more than 24 hours, a dryer for 25,000 
bricks daily is supposed to contain 80 cars at one time A 
nearly equal number of cars must be continually available out- 
side, BO that, for 25,000 bricks per day, about 150 cars with 
track-space, etc., are necessary. But the capacity of the mod- 
ern machine is about 50,000 bricks per day , hence these figures 
must bo practically doubled for each machine And since a fair 
modern plant, with several machines, has an output of about 
260,000 per day, it will seen that track-room, dryer-space, cars, 
etc., assume enormous proportions It will be easily seen that 
these cars, moved only by attendants over interrupted tracks, 
with an ever-increasing haul, leave the labor-problem still far 
from solution But the difficulty does not relate to moving the 
cars only. To fulfill the conditions of a mechanical process, 
the progress of the clay from the time it leaves the bank to the 
time when it has been converted into finished bricks must be 
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subjected to tlie minimum of interruption. The customary 
method has been described above, to the point where the bricks 
in the mould have been placed upon a pallet. But further in- 
terruptions or re-handlings occur, which are most important, 
as follows The pallets are placed on a car by two attendants ; 
a third attendant moves away the loaded car ; a fourth moves 
forward an empty car, from which he has j)i*evioLisly removed 
the empty pallets. The loaded cars are now pushed into the 
dryer in the order in which they are to be drawn out at the 
other end. A fifth attendant draws the cars and pushes them 
to the kilns. The bricks are there removed by two atteiidaiits, 
who “= toss ” them to the “ setter,” a ninth attendant replacing 
the pallets as the cars are emptied If two setters are em- 
ployed, two or three additional men are required. Those fig- 
ures are given on the basis of a machine-caiiacity per day oC 
25,000 bricks only. As two men are needed to move the 
trains in the dryer, an extra attteiidaiit is required at night, the 
other being the night-fireman, who, as well the day-f reman, is 
not included in the above estimate. Omitting indispensable 
re-handlings, a critical analysis shows at this point from 8 to 10 
interruptions, i.e., the intervention of hand-labor by that iinm- 
bor of men. After the kilns are filled and burned, the bricks 
must be removed from the kilns for shipment. Tins is com- 
monly done by men with barrows. On an average, it will 
probably take 8 men to remove and load daily the quantity as- 
sumed as a basis of calculation. Four of these men would 
probably be indispensable under any system. The other four 
must be added to the above number, making a total of 14 men 
whose labor might be saved in a practical process, making 
25,000 bricks per day. These figures are about the minimum of 
present practice, and hence conservative It should be borne 
in mind, also, that a continuous mechanical process would also 
reduce the cost of manufacture in proportion to fis increased 
speed and consequent daily capacity. 

Before proceeding to a description of the system which I 
propose as a mechanical process, intended to obviate or reduce 
the defects above set forth, it may be well to revert briefly to 
the mining, conveying and preparing of clay, and to state the 
essential elements of the problem. 

The first essential is that the clay shall be mined eontinu- 
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oiisly by a metbod, such as a steam-shovel system or its equiva- 
lent, that will insure an adequate regular supply. As the clay is 
mined it should be conveyed to each machine by means of auto- 
matic dump-cars on tracks These tracks should be superposed 
at the machine in such manner that the clay will be delivered 
from the cars to a hopper The hopper should be arranged to 
discharge into a disintegrator — a set of rolls provided with 
cutting-bars, or knives, for breaking up the clay uniformly. 
The disintegrator should be placed directly over the piig-mill 
into which It would feed, and the pug-mill, of course, should 
feed into the brick-machine. Thus the clay would pass from 
the bank, in a regular supply, properly prepared, directly into 
the brick-machine, without any interruption whatever. Trom 
the machine operating the “ soft-mud ” process here described, 
the clay would be formed into bricks, which would be received 
in the mould by the “ mould-dumper ” At this point it is 
proposed to supersede the methods in use by the roller-pallet 
system 

This system is intended to dispense with the turntable, the 
transfer-car, the crane, the separate car, and separate pallets, by 
mounting each pallet upon wheels, and combining the pallets, 
so mounted, in continuous belts, movable on tracks which ex- 
tend singly or in series from the bnck-making machine or 
machines to the various tunnels of a dryer, and thence to the 
kilns or any objective point about a plant; each pallet being 
moved on its tracks by means of ropes having stops or cleats 
which engage the pallets A differential movement is imparted 
to the several ropes, so that, at various stages, the pallets may 
be moved either fast or slow, or only periodically advanced, as 
conditions may require The several pallets are mounted in 
vertical series or columns, in separate tunnels of a dryer, and 
are gradually advanced through the latter, upon leaving which 
they travel in series m one vertical plane, if desirable, to the 
kilns, or any other objective point. 

It is at the kilns that the bricks are handled for the first time 
after being placed upon the pallets There they are removed from 
the pallets into the kilns and “ set,” and after being sufiiciently 
burned are again piled upon the empty pallets, which latter 
travel over smooth tracks to the dock or station, carrying bricks 
ready for shipment The pallets, after leaving the stationary 
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tracks adjaceiit to the brick-machnaes, are carried over any one 
of a series of shiftable track-sections, whick are mechanically 
operated in snch a manner that the several pallets 'will be sup- 
plied to the several tunnels of the dryer in vertical series , that 
is, after one of the series of tracks in a tunnel receives its supply 
of pallets, the track-section complementary thereto is shifted to 
a ditferent altitude, so as to supply the pallets to another track. 
In this way the tunnels are filled from cud to end, and from the 
bottom to the top, or mce vtersd Upon leaving the dryer, the 
pallets are conveyed over movable track-sections to a series 
of stationary tracks on different altitudes, but in vertical line 
with each other ; and from the pallets on these tracks, which 
pass along the kilns, the bricks are taken and placed within the 
kilns. As thus arranged the system is an elevated one, with 
the advantages of fi’ee floor-space, and the chief advantage of 
conveying the dried bricks to the exact altitude where they are 
required. Each track in the vertical series has a slight down- 
grade from the stationary end, all the way around the kilns 
and back to the machines, where they are disposed in a hori- 
zontal series It follows that the arrangement described is not 
arbitrary, any combination in vertical or horizontal series being 
available, limited only by the possibilities of track-arrangement. 

It is apparent from this description that the roller-pallet sys- 
tem consists of an arrangement of tracks, either as a single 
circuit or a multiple circuit, over which pallets, mounted on 
rollers, are mechanically transported , one brick-machine, with 
a single circuit or track and a single tunnel, constituting the 
unit. On this principle, a ]ilurality of brick-making machines 
with separate track-circuits can be operated so that each ma- 
chine with its separate track-circuit is independent of the others. 
This likewise applies, as already mentioned, to the machinery 
supplying the clay, and is deemed a desirable feature in that 
deiDartment also Tower may be taken from an adjacent line- 
shaft, common to all the machines , or, if electric power is avail- 
able, separate motors operating each machine and its independ- 
ent system might be economical. It will, therefore, be clear 
that a perfectly simple plan may be comprised by a combina- 
tion of five single-track circuits, each with a modem brick-ma- 
chine and accessories, constituting a plant with a capacity of 
260,000 bricks per 10 hours. 
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Light iron or steel rails are used for the tracks and supports 
The pallets may be made of wood, iron or steel, preferably the 
latter. In this constrnetion each pallet is composed of two thin 
plates, shaped like an ordinary pallet, between which are inter- 
posed longitudinal bars having their projecting ends rounded to 
form axles for the wheels or rollers, the latter preferably of mal- 
leable iron. The two plates and axle-bars of each pallet are 
secured together by bolts or rivets, and form a reversible roller- 
pallet, either side of which maybe used. The ropes are ordinary 
wire ropes, having cleats or stops at regular intervals, corre- 
sponding to the width of the pallets. Power imparted to the 
ropes may be transmitted throughout the plant 

The roller-pallet system, thus applied, is calculated to secure 
advantages other than those already enumerated, and heretofore 
unattained It is adapted to any plant-location, raw materials 
or process of manufacture. It is designed to lessen the number 
of handlings of both the green and the burned bricks, thereby 
insuring a better condition in the finished product. It will 
minimize the area of ground required for a brick-making plant. 
In illustration of this, it may be pointed out that a modern 
plant of the capacity indicated, but using cars, will require an 
area about five times greater than that occupied by the roller- 
pallet system. A further object of the roller-pallet system is to 
condense and centralize the arrangement of operating machinery 
and power to an extent heretofore impossible, resulting in a 
maximum economy, compactness and efficiency of plant 

The limits of this paper will not permit a more detailed 
account of this system, the description here presented being 
merely in the form of a brief announcement For additional 
particulars, U S Patent Ho 644,520, 1900, may be consulted. 
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Further Notes on Elimination of Impurities from Copper 
in Refining and Converting. 

BY EDWARD ICELLER, BALTIMORE, MD 
(Washington Meeting, Eebruarv, 1000 ) 

In a paper, “ A Study of the Elimination of Impurities from 
Copper-Mattes, etc presented to the Institute at the Atlantic 
City meeting, February, 1898, 1 gave certain figures which I 
called the relative slaggability in refining copper In that paper* 
will be found the following pertaining to this subject- 

Relative Slaggability in Refining Converter- Gopjyer, 

Gu. Pb Bi Sb As Se, Te 

1 129 5 1.13 7 30 5 22 0 81 

and 

Relative Slaggability in Refining Mectrolytie Copyer. 

Cu Pb Sb As 

1 41 9 97 7 13 

Since there is a possibility of misinterpretation of the above 
values, the following supplementary information may seem 
justified in explanation. As the contents of impurities in the 
unrefined or crude copper were unknown, the contents of the 
refined copper were substituted therefor, merely in order to ob- 
tain the two series of figures for comparison. These figures 
are higher than they would be bad I been able to talce tbe cor- 
rect ones for the unrefined copper. The high figure, 129.5, for 
lead, ill the case of converter-copper, means simply that more 
lead was slagged from the crude copper than remained in the 
refined copper , or, in definite values, that to 1 per cent, of cop- 
per slagged, the ratio of the lead gone into the slag and the 
lead remaining in the refined copper is 129 6 • 100. 

It is possible to approximate the true slaggability much more 
closely by adding the quantities of impurities in the refined 
copper to those in the slag, thus obtaining values for the crude 
copper in which the amounts volatilized are ignored (the latter 


* Trans , xxym , 140 
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being probably comparatively very small), and by calculating 
the amounts slagged as percentages of that sum. As a basis 
for such a calculation we have the following data . 

Impurities in Refined Converter- Copper. 


Per cent , 

Pb 

0 0103 

Bi Sb As 

0 0040 0 0630 0 0211 

Se, Te 

0 0072 


Copper and Impurities m Slag. 


Per cent , 

Cu 

44 47 

Pb Bi Sb As 

0 5936 0 0020 0 2044 0 0490 

Se, Te 

0 0026 

Pounds, . 


Weight of Converter-Copper Weight of Slag 

2,450,000 63,387 


Copper and Impurities in Slag, Expressed in Rercentage of Copper- 
Charge 

Cu Pb Bi Sb As Se, Te 

1 15 0 0154 0 00005 0 0053 0 0013 0 00007 

Sum of Impurities in Slag and Refined Copper. 

Pb PI Sb As Se, Te 

Percent., 0 0257 0 00405 0 0683 0 0223 0 00727 

From these we find the following results : 

Relative Slaggability of Impurities in Copper-Refining. 

Cu Pb Bi Sb As Se, Te 
Pei cent , . . 1 52 1 1 07 5 90 6 07 0 84 

Although, as already observed, there is still an error in these 
figures, caused by ignoring the unknown amount of impurities 
volatilized in the refining process, they are undoubtedly a very 
fair approximation to the true ones They are, in fact, more 
valuable as a metallurgical guide than values obtained by com- 
paring directly the analytical results of crude and refined 
copper, for reasons that will be set forth hereafter 

Since the first publication of the above data I have had occa- 
sion to observe the refining of a quantity of black-copper, this 
being Chili bars. A sample of the bars had been obtained by 
probably the most approved method of commercial sampling 
of the present day. The furnace-charges of the refined product 
readily yielded correct samples The same kind of copper had 
been worked in the furnace prior to the charge which was 
analyzed. Both black and refined copper were carefully ana- 
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Ijzed with the subjoined results, from which the total elimina- 
tion of impurities in the refining process is directly computed 

Ayiahjsis of Chili Bars. 

EUmmation 



Black-Copper 

Refined Copper 

of Impurities 


Per cent 

Per cent 

Per ceut 

Iron, 

. 11378 

0 0017 

99 85 

Cobalt, 

0 1376 

0 0044 

96 80 

Nickel, . 

0.1717 

0 0976 

43 23 

Lead, 

. 01105 

0 0275 

75 11 

Bismuth, 

0 2435 

0 2285 

6 12 

Antimony, 

. 0 0689 

0 0673 

2 32 

Arsenic, 

0 2055 

0 2040 

0 73 

Selenium and Tellunum, 

. Tiace 

Trace 


Sulphui, 

0 8100 

0 0067 

99 17 


This copper, in comparison with former brands analyzed by 
myself, had the additional interest of containing’ appreciable 
amounts of iron, cobalt and nickel , on the other hand, it con- 
tained but a slight trace of seleilium and tellurium. The 
small contents of silver and gold are omitted as being unnec- 
essary in the discussion of the subject of this paper. 

It will be observed that the quantities of antimony and 
arsenic eliminated from these Chili bars appear to bo very 
small as compared to the quantities that were shown to slag off 
in the case of converter- and electrolytic copper, although the 
Chili copper has a much higher tenor of these elements, and 
should accordingly show a greater amount of loss This will 
be more evident by direct comparison in the following manner . 

Antimony and Arsenic in Slag, Expressed in Percentage of 
Converter-Copper Charge. 

Sb As 

0.0053 0.0013 

Antimony and Arsenic Eliminated from Ckli Bars, Expressed m 
Percentage of Copper-Charge. 

Sb As 

0.0016 0 0015 

The indubitable discrepancy in the latter figures cannot be 
attributed to errors of analysis. They must be sought in the 
samples, and could undoubtedly be found in those from the 
bars. In the sampling of bar-copper (even in so-called approved 
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metliods) by drilling, copper metallurgists still persist in com- 
mitting the error of only drilling that portion of a bar, in shape 
a parallelopipedon, corresponding in dimensions to the height 
and bottom-surface of the bar, and ignoring entirely the beveled 
portion of the same "With many of the bars on the market, 
the proportion of the two, approximately, is the following 
Parallelopipedon, 60 per cent ; beveled portion, 40 per cent 
Since, by reason of segregation, these two portions show a 
wide difierence in composition, the sample generally is a decep- 
tive one — sometimes in one direction, sometimes in the other — 
depending on the degree of purity of the copper. 

With elements such as iron, cobalt, nickel and lead, which 
show a high figure of elimination, the error derived from sam- 
pling and other sources becomes, accordingly, less appreciable. 

The possession of a number of corresponding samples of 
matte and converter-copper, kindly furnished by Dr James 
Douglas, from the Copper Queen mine, now enables me to add 
a few more members to the list of the companions of copper in 
mattes, with regard to their elimination in the converter. 

Selenium and tellurium were individually determined in five 
blows of a converter, tins number constituting the life of one 
lining. iNickel and cobalt were determined in all but the first 
blow 

I found the following results 


In Matte. 

No of blow 1 2 3 4 5 Average 

Per cent Per cent Per cent Pei cent Per cent Per cent 


Copper, 

50.95 

51 95 

65 58 

60 00 

59 90 

Selenium, 

0 0094 

0 0128 

0 0092 

0 0108 

0.0145 

Telluimm, 

0 0057 

0 0092 

0 0054 

0 0064 

0 0175 



In Copper. 



Selenium, 

0 0086 

0 0107 

0 0122 

0 0121 

0 0085 

Tellurium, 

0 0067 

0 0087 

0 0086 

0 0084 

0 0097 



Elimination. 


Selenium, 

53 2 

56 5 

26.5 

32 8 

64 8 

Tellurium, 

40.2 

50 9 

12 4 

29 9 

66 7 



In Matte. 



Nickel, 


0 0352 

0 0298 

0 0302 

0 0412 

Cobalt, 


0 0296 

0.0266 

0 0156 

0,0240 
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No of blow 1 

In Copper 

2 3 4 

5 

Avciagc 

Pei cent 

Pei cent Per cent Per cent 

Per cent 

Poi cent 

Nickel, 

0 0356 0 0342 0 0374 

0 0433 


Cobalt, 

None None None 

None 


Nickel, 

Elimination. 

48 9 36 2 25 6 

37 1 

37 0 

Cobalt, 

Total Total Total 

Total 



Regarding cobalt, I would remark, that although I failed to 
detect it in the copper, it is but reasonable to suppose that it is 
there present in traces ; and, therefore, instead of accepting the 
elimination as complete, I would prefer to say that probably 
more than 99 per cent, of that element is eliminated. 


Signal-Device for Mines. 

BY 0 S HERZIG, VIRGINIA, MINN 
(Canadian Meeting, August, 1900 ) 

Some time ago, in Mexico, our signal-bells m a 700-foot 
shaft caused us considerable annoyance by continually getting 
out of order, each time so delaying our hoisting operations 
that we naturally desired to remedy this evil. There wore 
two ways open . either to patch up the old bell, which was 
of the ordinary pattern, every time it failed to work, or else 
to devise some new arrangement On consultation with our 
foreman we designed a signal-device which, during the number 
of months I watched its operation, worked satisfactorily, with- 
out once getting out of order 

"W e sought to produce a simple device, in which no greater 
pull on the lever would be necessary from one level than from 
another, to counterbalance independently the weight of the 
pendant bell-rope, so that there would be no direct weight on 
the working-parts of the bell itself, and likewise to arrange 
it so as to necessitate only a light pull on the lever in signal- 
ing , and, dually, to make some sort of trip-arrangement, so 
that whenever the signaling-lever underground passed through 
a certain are the signal would be given in the engine-room. 
By this means we wished to obviate the ill effects of sudden 
heavy pulls and rough usage in general, such as all signaling 
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systems encounter underground at the hands of careless or 
mischievous employees. 

The bell-rope we had in use was a galvanized iron rope 
inch ill diameter ; and, after determining the length neecled, 
we calculated its weight, so that we might be able to counter- 
balance it properly. On locating the bell in the engine-room a 
wire, W, was led off horizontally, and, by means of a bell-erank, 
was connected to the mam signal-rope, M, passing clown the shaft 
(see Fig. 1). The weight counterbalances M, and should 
be heavy enough to carry the wires back to a normal position, 



DIAGRAM SHOWING GENERAL ARRANGEMENT AND CONNECTIONS OF 
SIGNAL AND METHOD OF COUNTERBALANCING PENDANT ROPE - 


therefore it must be ec[uivalent to the weight of the pendant 
rope, if, plus a factor to overcome irictiou. 

The working parts of the bell itself are shown in Fig. 2. A 
is a weighted lever, to the upper end of which the connecting 
wire W is attached; the arm a projecting from it is made of 
steel, about 5 inches long, and has a bearing-surface of 1 inch 
at its further end, resting on a similar surface b on JB. A cross- 
section through X y is shown in Fig. 3. 

^ is a piece of flat spring-steel about 8 inches long, at the 
end of which is the bearing-surface b. D serves as a hub, to 
which B and Care attached; 0 being a flat spring similar to -B, 
but about 12 to 14 inches long, at the end of which is the 

VOL XXX —20 
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knocker E. It should be observed that B is vertical, whereas 
C lies flat, and that C should not be as heavy a spring as B. 

When the bell-rope is pulled to signal the engineer, the wire 
W moves in the direction of the arrow, and the arm a travel- 
ing downward in a circular path, around/ as a center, forces 
b to move downward around Z) as a center, until the arcs in 
which they are traveling diverge far enough for gravity to 
carry .B- (7 back again to its normal position, B being arrested 
by the stop s ; however, the force with which the arm flies back 
causes the knocker to strike the gong, and thus give the signal. 
As soon as the bell-rope is released the arm A is carried back 



One tenth full size 


to its original position, and in so doing the triangular surface 
on the end of a slides upon the inverted triangle b (see Jig. 4), 
forcing it to one side (see Fig. 5), until a rests in its normal 
position on top of 6, when it is ready for another pull, as shown 
in Fig. 3. 

In counterbalancing the weight of the pendant bell-rope, 
sufficient weight must be added to the counterbalance to bring 
the levers underground back into position automatically. The 
counterweight may be located at any convenient place on the 
head-frame, providing it is above the bell-crank to which W is 
attached. 

In order to prevent the pull necessary for signaling from 
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hecomiiig excessive, it is desirable to reduce friction as much 
as possible A force equivalent to a 10-pouud weight should 
bo sufficient for pulling the levers in a well-arranged signaling- 
system. To accomplish this, I think it advisable to bring a 
bell-rope into proper alignment by means of ]3lumb-hnes, and to 
hold the rope in position by short pieces of old iron pipe 2 to 
3 inches long, instead of by means of staples, as is so com- 
monly done. In inclined shafts the bell-rope should be sup- 
ported at frequent intervals on some form of roller The 
spools on which conneetiiig-wire comes make good rollers, in 
the alisence of anything better 

Tliat there may be no mistake, the arm 0 should be long 
enough, and the knocker JE heavy enough to cause their instant 
return to position when the paths of a and b part company. 


Fig 3. 



REST, READY FOR 8IQNALUNQ 
a full BJze 


Fig 4. 



a & & enoaginq after signal 
HAS BEEN GIVEN. 

Lull Bl2a. 


Fig 5 



A POSITION OF Ct & I> 8UOOEED1NQ 
THAT SHOWN IN FIG 4 
Xi lull Size. 


For this purpose it is also advisable to put a stop, below B, 
so that by no possible chance can it fly beyond its balance-point. 

By increasing or diminishing the bearing of the triangles a 
and b, the arc traveled can be changed. In my opinion it is 
not advisable to increase this bearing above the inch mentioned 
before. The triangles, as shown in section, Fig. 3, should have 
bases of about | inch, with xierpendiculars of | inch to 1 inch. The 
bearings of the two points / and d should be good ones, so that 
there will be no lateral motion, which might make a fail to 
engage properly with h. Any play at or / is considerably 
magnified at the triangles ; but by making the bases of these 
triangles large enough, the chances of their not working prop- 
erly arc greatly lessened By moving the position of h with 
respect to the center/, the arc of pull underground, necessary 
to signal, can be regulated. 
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The spring B must be quite stiff and of good material , but 
it must be borne in mind that the stiffer the spring the heavier 
must be the weight and, in consequence, the greater the effort 
required to pull the levers; nevertheless, must bo heavy 
enough to bring back the wire W and to overcome the resist- 
ance of the spring B If the arm A is made sufficiently heavy, 
the use of a counterweight (w^ may be dispensed with, although 
it is preferable to arrange as shown in Fig. 2 , for by this means 
it can be properly adjusted. If is too heavy, the arm A has 
a tendency to pound against the stop While must not bo 
too heavy, its weight must not be cut down to such an extent 
as to impair the instant return to position of the arm A. 

The whole apparatus may be mounted on a board and placed 
at some convenient spot in the engine-room. 


Note on the Plate-Amalgamation of Gold and Silver. 

BY E. A. H. TATS, SAN JOSlS DE GRACIA, SINALOA, MEXICO 
(Washington Meeting, February, 1900 ) 

As I promised, in a former paper on the Bryan Mill,'' to give 
further data regarding the plates from four battery-aprons, I 
now submit the following : 

These aprons were 4.5 feet wide by 16 feet long; the first 
two plates of each apron were 4.5 hy 4 5 feet, and the remainder 
of varying sizes, as can be seen by their relative weights, as 
shown ill the table ; but all were 54 inches wide They were 
in use 4 years and 9 months, and about 15,265 tons of ore 
passed over each. The ore was quartz, carrying about the 
same weight in silver as in gold , showing some copper, and 
highly impregnated with feme oxide. The tailings show 
about 0 6 per cent , and the bullion about 10 per cent., of cop- 
per. The silver was present mostly as sulphide, and the cop- 
per was also present as sulphide, with some carbonate. 

The ore treated in 1898 was a fair average of the whole run; 
so I take it as an example from which to make a few deductions. 
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Gold 

Silver 


Oz 

Oz 

The 010 assayed, per ton, 

0 76 

0 71 

The tailings, per ton, . . . . 

. 0 22 

0 44 

Amount cxtiacted, pei ton, . 

0 54 

0 27 

Extinction, per cent , . . . 

. 71 1 

39 4 


From tliG above we see that the ratio by weight of gold to 
silver in the bullion produced, as per assays, should be 2 to 1 
The average fineness of the bullion produced during the same 
period was gold, G58 80; silver, 240.80, showing a ratio of 
2.V4 to 1. 

From the annexed table it will be seen that the several ratios 
on the aprons are . 

Apron Gold Silver 

1, . . . . ... 2 58 to 1 

2 . . 2 66 to 1 

3, . 2 61 to 1 

4, . 2 58 to 1 

One apron, ISTo. 4, shows a regular gradual decline in value 
from top to bottom ; all the rest show varying values, though 
the top plate is always richer than those below it, except in 
apron I^o. 2, where plate FTo. 4 is highest in value Apron N’o. 
1 is very irregular lu the relative values of the successive plates 
All of these aprons would have given much more bullion, 
had not, in 1897, plates Nos. 1 and 2 of each apron been 
scraped very close with steel chisels. At least |10,000 in gold 
was taken from each apron, but no special and exact record 
was made of the amount at the time. 

In this case it is seen that, although the assays of the ore 
treated call for a ratio of 2 gold to 1 silver in the bullion, the 
actual ratio of the bullion produced was 2 74 to 1 The ap- 
proximate average of the bullion recovered from the plates, 
when Ihcse were melted into bars, so as to make a fair average 
of the entire product, was 2.605 to 1; which shows but a slight 
variation from the bullion itself 

Over the Bryan-mill ifiates, already referred to, there passed 
about 24,440 tons of ore; and the bullion obtained from these 
showed a ratio of 2.31 gold to 1 silver, which is somewhat 
nearer the assay-ratio of 2 to 1. 

From the above data we are led to infer that where all values 
contained in the plates arc obtained together, all bullion, what- 
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ever its source, will have about the same ratio, aucl that the silver 
which IS in fit form for amalgamation is just as amenable to it 
as the gold, showing no greater (or but little greater) tendency 
to resist amalgamation at the top than at the bottom of an 
apron. It is probable, however, that much depends, in this 
regard, on the nature of the ore treated. 


Table Showing Values of Mill-Aprons Removed after a Run of 
Four Years and Nine Months. 


Plate 

Weight, 

Oz Troy 

Fineness in 

Ounces op Fine 

Total Value 

Gold 

Silver 

Gold 

Silver 

M 1 

1341 7715 

92 00 

38 70 

123 443 

51 927 

$2582 73 

o 2 

1250 989 

37 15 

14 25 

46 474 

17 827 

971 32 

1 3 

1177 444 

40 40 

14 35 

47 569 

16 896 

993 39 

fl 4 

662 9876 

70 40 

26 70 

46 674 

17 702 

975 37 

2 5 

1060 400 

48 60 

17 35 

51 535 

18 398 

1076 27 


Eatio, 

2 58 to 

1 



$6599 08 

1 

1312 0245 

52 90 

22 00 

69 406 

28 865 

$1451 94 

a 2 

1202 279 

37 80 

13 60 

45 446 

16 351 

949 IS 

o 3 

756 1875 

46 65 

16 15 

35 276 

12 212 

730 48 

4 

7S5 075 

63 40 

22 70 

49 774 

17 821 

1039.52 


771 600 

47 30 

17 95 

36 497 

13.850 

762 70 

2 6 

853 0375 

48 80 

19 05 

41 628 

16 250 

870 20 

i 

Eatio, 

2 65 to 

1 



$5810 02^ 

. 1 . 

1210 9933 

9310 

37 55 

112.743 

45.473 

$2357 68 

M 2 

1719 0192 

73 30 

28 35 

126 004 

48 734 

2033 74 

8 

775 4875 

75 30 

27 45 

58 394 

21 287 

1219 77 

^4 . 

619 125 

34 05 

10 50 

21 081 

6 500 

439 64 


680 125 

47 65 

17 85 

32 408 

12 140 

077 15 


825 200 

47 60 

19 90 

39 197 

16 421 

820 05 


Eatio, 

2 61 to 

1 



$8148 03 

>1 .. 

1155 000 

78 20 

34 10 

90 321 

39.386 

$1890 57 

1h 2 . 

1144 075 

66 90 

24 20 

76 539 

27 687 

1598 67 


983 200 

47 65 

17 75 

46 849 

17 452 

978 84 

^ 4 

1072 1625 

36.75 

13 75 

39 402 

14 742 

823 29 

|6,. 

893 2375 

34 30 

12 10 

30 637 

10 808 

039.75 


Eatio, 

2 58 to 

1 



$5931.12 
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A Device for Sampling Pig-Iron. 

BY PORTER W SHIMER, EASTON, PA. 

(Washington Meeting, February, 1900 ) 

The device here described has been found useful in sampling 
foundry-iron, and there is no reason why it should not he 
equally useful in sampling other metals, which are not too hard 
to he drilled with a breast-drill. It consists, as shown in Figs. 
1 and 2, of an ordinary plumber’s gas J (without bead) of 
about |-inch in internal diameter, over the leg of which is 
snugly fitted a small tin cup, about If inches deep, to catch 
the drillings which are made by use of a breast-drill with a 
f-incli twist bit, working through the arms of the J. 

The forward arm of the J is filed down to a blunt edge, over 
which IS stretched a short piece of rubber tubing projecting a 
little beyond the end. The bottom of the inside of the front 
arm of the J is filed down to a slope, to facilitate the passage 
of drillings into the tin cup. The rear arm of the f is fitted 
with a tin ring, projecting about f-inch, for the purpose of 
holding in place a stilF spiral brass spring, which serves to press 
the sampler firmly against the metal to be drilled. The other 
end of the spring is supported against a shoulder of the breast- 
drill The projecting rubber prevents the loss of any drillings, 
and also the falling of sand from above into the sampler. 
"With ordinary care there need be no risk of getting particles 
of rubber into the sample. 

It is, of course, not possible to get a fair average sample of 
drillings, representing a pile of foundry-iron, by taking drill- 
ings from any one or two pieces, because of the frequently 
mixed character of the iron. This observation applies more 
particularly to the sampling of iron as it is broken and piled at 
the foundry, than to sampling at the works, where, if the fur- 
nace is working regularly, a few pigs may fairly represent a 
whole cast. 

By the use of this device, it is possible for a sampler to pass 



Breast-Diill, witli Device foi Sampling Pig-Iron attached One-fonrth actual size. 

all over the fractures, making one hole in each piece, hut in a 
different part of each. In this way, inaccurate sampling, 
whether due to an insufficient number of pigs drilled or to any 
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segregation in individual pieces, is readily avoided. It is nec- 
essary to Irnsli oft‘ the fractures before drilling, to remove any 
adhering sand. It is also necessary to take as nearly as pos- 
sible the same amount from each piece; otherwise the holes 
drilled into softer pieces will, very naturally, be deeper than 
those drilled into the harder pieces. "When we remember that 
the softer pig-iron usually contains more silicon and less sulphur 
than the harder, the importance of this precaution is apparent. 


Origin and Classification of Ore-Deposits. 


BY CHARLES R KEYES, DES MOINES, IOWA 


(Washington Meeting, February, 1900 ) 
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Muon has been w^ritten on the genesis and classification of 
ore-doposits. Much remains yet to he written on the subject 
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before interest flags and a perfectly satisfactory sclicnie of 
arrangement appears. Each new contrihiitioii has had some- 
thing of merit, something suggestive, something contributory 
ill the way of presenting the subject from a slightly ditforont 
view-point. At the same time each contribution has had 
something lacking, something not broad enough for later pur- 
poses, something in method insufficiently refined. Sach is the 
status of every scientific inquiry, and such must it necessarily 
he at every stage of ita advancement. 

The usual so-called seientiflc considerations of the genesis of 
ore-hoclies have always been, in large part, puirely theoretical 
discussions. Comparatively little attention has been paid to 
the real hearings of the theme. As time has gone on, there 
have come into existence several groups of theorists, of which 
the rival schools of the Ascensionists and the Lateral-Secre- 
tionists are now the most prominent. 

On the other hand, the average miner of ores, in whatever 
consideration he has been able to give to the subject of ores and 
their classification, has avoided the problem of origin altogefhor. 
He has practically ignored all those aspects of the ores which 
are so engrossing to the scientist. 

In reality, the knowledge of both classes of workers must ho 
drawn upon to the fullest extent, before the best results can he 
ihoped for in attaining a satisfactory systematic Bchome of ore- 
d^jposits. 

A careful survey of the real nature of ore-bodies, when it 
comes to them classification, indicates that, at the outset, every 
such plan should be useful. As it is built up, it muBi, among 
many other features, consider that of aiding exploitation. All 
conditions are believed to he best satisfied by always keeping 
prominently in the foreground the factors which govern the 
geological occurrence of the ore-bodies themselves, and the 
geological relationships of the country-rock. Hence, in ventur- 
ing, at this time, some observations upon the classification of 
ore-deposits, it is chiefly from the geological view-point that the 
subject IS approached. 

Such a plan is essentially an arrangement of the geological 
processes, so far as they afiect specifically the ore-bodies and 
their original deposition. The resulting ore-classification itself 
is in terms of the forms of ore-hodies as geological formations 
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or torroiies, and as dependent upon geological structure. This 
basis appears to bo the only one that is truly genetic in nature. 

The data for an ore-classification of this kind are derived 
largely ifom the great advancement recently made in the study 
of the crystalline schists and metamorphic rocks in general, as 
the result of the application of the microscope As, to the 
mineralogist, the lithologist and the geologist, a field illimitable 
has opened out, so, through the same means, the student of ore- 
genesis now finds before him a field equally vast. It is full of 
promise. Answers to many problems long unsolved seem 
already vuthin our grasp. 

It should be borne in mind that only the barest outline or 
synopsis of the general scheme can be here presented. The 
plan, however, is capable of great expansion and wide illustra- 
tion. This part of the theme is more fully developed in another 
place. Tlie present consideration of ore-deposits has, there- 
fore, to do with their classification rather than their origin, 
though to the nature of the latter the former is closely and 
directly related. 

Foundation of Classificatory Schemes in General. 

It lias been recently said with much truth that, at the time 
it is constructed, every plan of classification reflects directly 
the existing stage of knowledge in its particular branch. As 
classification is really history in epitome, one of the first con- 
siderations to receive attention is a systematization of the known 
facts. This orderly arrangement is one of the earliest pre- 
requisitofl demanded of a science claiming recognition ; and all 
advance is measured by the degree of taxonomic completeness 
shown, and the kind of criteria adopted. The bringing together 
of the various facts observed so that some sort of classificatory 
relationship is made to exist among them, is the initial step in 
raising a particular department of knowledge toward the dignity 
of a science. As progress is made, a gradual evolution takes 
place 111 the fundamental manner of grouping the phenomena. 

In the beginning, a classification, rude though it be, is fash- 
ioned according to those superficial features which, at first glance, 
are most striking. At a later stage, this is modified to one in 
which similarity of characters, irrespective of natural relations, 
is taken into account. A vastly more advanced conception is 
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classification based upon affinity, in wMcli, for similarity of fea- 
tures, there is substituted similarity of plan. The final stage is 
the causal, m which origin and the agencies become dominant 
and determining factors. 

Our knowledge of ore-deposits has now advanced far enough 
for them to be considered according to the methods of this final 
stage, in connection with the grander geological agencies and 
physical conditions that have given to them the various forms 
in Mffiich we find them. 

In considering the classification of ore-deposits, we meet on 
the one hand the crude distinctions of the miner, based upon 
the fortuitous forms which ore-bodies assume ; and, on the other 
hand, the refined, but often impracticable, schemes of the doc- 
trinaire. 

The great thing sought for in the classification of ore-bodies 
is a system that is genetic as far as possible, that is practical in 
application, and that will aid in their discovery and develop- 
ment. Such a scheme should be made so that the most ordi- 
nary miner may use it. At the same time it should not offend 
the most rigid theorist. This common ground seems to bo 
found by giving due consideration to certain geological prin- 
ciples that have recently been found to have a special becaring 
upon the deposition of ores. 

Past Opinion Eeuardinu Classification of Orb-Bodies. 

The earlier schemes of ore-classification followed chiefly the 
emxoirical methods of the miner, and made the shape of the 
ore-body tbe most important factor. Yon Oppel, 'Werner, Von 
Weissenbach, 'Yon Cotta, Koehler, Gallon and others, all make 
form the distinguishing feature in the grouping of orc-dLpiosits. 

Later, the method of concentration of the ore-jparticles became 
a dominant standard Tbe schemes of Whitney, Kewberry, 
Phillips, Glrimin, Yon Groddeck and Pumpelly may be men- 
tioned as prominently emphasizing this feature. 

Of late, various attempts at strictly genetic x^lans have been 
made. Prominent among these schemes are those of Wads- 
worth, Mimroe, Kemp, Posepny, Power, Crosby and Puchs 
and De Launay. 

Katijre of Ore-Deposits. 

Dajimtion. — Ore-deposits are generally defined as localized 
accumulations of metalliferous compounds. As thus under- 
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stood, it 18 quite patent that the term is necessarily a loose, 
popular one, applied wholly without reference to the real 
genetic relationships of the ore-bodies. With the name, how- 
ever, is always carried the idea of concentration sufficiently 
great for profitable mining. 

In this light, ore-deposits form a natural class of mineral 
formations that are clearly set off from all others by their na- 
ture, and largely also by the methods followed in their develop- 
ment. Hence they are entitled to a special classification wholly 
independent of other economic deposits, and of the geological 
formations in which they occur The other economic deposits 
are to all intents and purposes geological formations, and may 
be so considered, without any elaborate attempt at special 
systematic arrangement. 

Fundamental Law of Origin . — Concentration appears to be a 
primal result of the moving of rock-materials. It makes small 
difference whether the general movements of the rock-]Darticle 8 
take place chemically through solution, mechanically through 
the agency of waters, or in a liquid magma, the results are largely 
the same. Rock-forming materials of like mineralogical con- 
stitution tend to gather together, before they come finally to 
rest. Geological formations or terranes are in reality nothing 
but concentrates of similar rock-material, only less complete 
and less noticeable than in the special case of ore-bodies. 

Significance of Ore-Bodies . — ^From a strictly scientific stand- 
point, the specific shape and character of ore-bodies is often 
apparently fortuitous. The minute metallic particles compos- 
ing them are, in one form or another, everywhere widely dis- 
seminated through the rocks that make up the earth’s crust. 
Whenever an area is disturbed by mountain-making forces, 
unstable conditions are at once established; new currents of 
underground waters are set in motion ; molten rock-masses may 
be introduced; and all the rocks of the region sooner or later 
begin to undergo alteration. Along with the rock-changes at 
this time, ore-particles are transported and localized. Hence, 
ore-bodies are sfiecial phases of the most common of geological 
phenomena. 

Owing to the peculiar rdle that they play in our civilization, 
most ores are popularly supposed to result from some special 
dispensation of nature. Their existence in quantities large 
enough to be of commercial value depends wholly upon a com- 
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■bination of many circumstances, the absence of any one of 
which might cause the process of concentration to fail 

Date of Origin . — ^For the most part, ores and their commonly 
associated minerals may be regarded, in a broad way, as space- 
fillers in the country-rock. In common with certain non- 
metalliferous substances, their chief geological function is 
often to cement or render compact rock-masses that have 
become porous or cavernous through partial solution, cracking, 
or the irregular slipping of parts, usually during the periods of 
disturbance in mountain-building The dates of these dis- 
turbances are thus important factors m atteinjitiiig to fix the 
time of local ore-deposition. 

Usually the age of a rock-mass is thought to be determined, 
in a general way, by the fossils contained. The ores enclosed 
in such a terrane have long been regarded as having been 
formed at about the same time as the rock. This, however, is 
now known to be rarely the case. As a rule, ore-formation 
takes place long after the formation of the country-rock. Often 
there are several periods of ore-formation in the same rock- 
terrane. Ore-deposition may be of very late date in rocks 
very old. 

The majority of the more common mineral veins, especially 
those occurring in clastic rocks, are doubtless of comparatively 
late origin. It is also quite probable that most of the worked 
ore-deposits of the world have been entirely formed in very 
recent geological times. Few, perhaps, date back before the 
Tertiary. "While some ore-deposits are manifestly ancient, 
some of the most important opened may have been formed 
within the memory of man. This phase of the origin of ore- 
deposits IS one as yet but little considered. 

It IS also important, in this connection, to remember that in 
all recently disturbed regions ordinary ore-formation is in all 
likelihood going on to-day as rapidly as it has usually gone on 
in the past, or may be expected ever to go on hereafter. 

Original Source of Ores — ^From the standpoint of mining, it 
is of small consequence what was the condition of the ores 
previous to their concentration into bodies of economic value. 
Whether the original source was the unoxidized metals, coming 
up from the earth’s interior in connection with molten rock- 
materials, hot water and gases, or whether there wms deposition 
from lateral secretion, need not concern us here. 
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"While most igneous rocks, as shown by Sandberger, con- 
tain appreciable amounts of many metals which, on weather- 
ing, may he set free and allowed to be transported and concen- 
trated, it by no means follows that the small quantities of 
metalliferous substances found in the elastics are due to direct 
incorporation during the deposition of the sedimentary beds. 
Finely porous rocks are likely to have metallic ores deposited 
ill their interstices from circulating waters, in the same way as 
those rocks which have larger cavities. 

Alteration of Ore-Bodies — In the consideration of ore-bodies, 
distinction is to be clearly made between the original character 
of the ores as geological formations, and the constitution which 
they subsequently assumed. Geologically, as well as from the 
standpoint of rational ore-classification, the deposition of the 
ore-body as a rock-formation is all-important; the subsequent 
changes that ores undergo after once being deposited are of 
secondary consequence. The original mineralogical condition 
is not always easily to be made out, but the instances are rare 
in which it is not more or less clearly indicated in some way. 

Ore-bodies once formed have, like rocks when brought to- 
wards the surface through uncovering by erosion, a tendency 
to form carbon or oxygen compounds ; and, when buried by 
sediments and shut otf from the air, to sihcify, or form silica 
compounds. Whatever may have been their original compo- 
sition, all ores are liable to constant alteration. These changes 
are often so numerous and so complicated that it is well-nigh 
impossible to determine the real genesis of the ore-bodies with- 
out fully taking account of their geological relationships. 

The profound alterations that ores undergo, and the intricate 
character of most of these changes, are only indicative of the 
constant mutations that take place in rocks generally But, 
owing to the economic value of ores, the specific characters 
which they assume have a widespread interest ; while, in the 
case of the rocks, analogous changes are appreciated only by a 
few adept workers in petrography. 

All these factors are of vast importance in every considera- 
tion of ore-deposits. They throw a wholly new light upon 
many problems constantly coming up, and indicate how nec- 
essary it is to take into account the factor of geological envi- 
ronment. 
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Gteneeal Methods of Orb-Fokmation. 

Ascension versus Lateral Secretion — The two principal theories 
of ore-depositioii have pretty evenly divided those interested in 
the subject into two somewhat hostile camps. In fact, the 
question stands on a very different basis from that suggested 
by either of the two theories in question. As will be soon fur- 
ther on, it is really of small practical importance whether ore- 
niaterials are deposited from hot mineral-bearing waters welling 
up from the depths of the earth, or from the cooler waters which 
have gathered up metals in their travels through the rocks near 
the surface, and which are then forced to drop the loads they 
have held in solution for a greater or less length of time. 

The mode of ore-formation from circulating underground 
waters is a general method. It cannot well be disputed that 
the cooling of the waters, however slight, is an important factor 
in compelling them to deposit what they contain in solution. 
Whether the waters are hot, warm, or cool, matters not. Of 
course, hot waters coming to the surface of the earth will part 
with their soluble contents more rapidly than those having 
much lower temperatures. The difference is merely one of de- 
gree, and not of kind. The same is true of most of the other 
general processes involved in the production of ores. 

There can be no doubt that a majority of the great ore-bodies 
of the globe are formed from metalliferous lieatod waters as- 
cending to the surface. It is equally beyond all doubt that 
many very important ore-hodies have been deposited by waters 
that were never hot, that were never associated with volcanic 
action, and that have circulated only near or on ths surface. 
Ill some cases one method has been followed, in others another. 
We cannot say that all ores have been formed either in one way 
or the other. 

The determination of local ore-deposition is thus probably 
more largely a function of the capacity of the country-rock 
along the courses of the water-currents, to be replaced, particle 
by particle, by metallic minerals. In either case the chemistry 
is essentially the same. It is, however, a general process, and 
111 classification it is a factor that may be neglected altogether. 

Replacement — In the formation of ore-bodies, the opinion has 
been quite general, until lately, that, in the main, they merely 
filled pre-existing cavities and caverns in country-rocks. Of 
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late, many writers on ore-deposits have been inclined to put 
more or less stress on what they are pleased to call the replace- 
ment theory, as revolutionizing our ideas regarding the deposi- 
tion of ores. The central feature of the replacement hypothesis, 
namely, that, in many cases at least, no previous cavity existed, 
but that circulating waters, percolating through the rocks, dis- 
solved certain zones or tracts which are replaced, molecule by 
molecule, vdth ore-materials and their accompanying gangues, 
greatly simplifies matters in a large number of cases, and 
greatly aids in the interpretation of many others. 

To the petrographer, who is accustomed to apply the micro- 
scope to the rocks, this general process of replacement is widely 
known as metasomatism. It is one of the most universal methods 
by which changes take place among the rocks. Alterations of 
this kind go on actively in all rocks subjected to deformation, 
even in such masses as granite, which is about as non-porous 
as rock can be. 

It may be further observed, in this connection, that metaso- 
matic changes in the rocks are far from being unusual , they 
take place with very nearly the same ease as do the metabolic 
changes in living organisms. All modifications in the physical 
surroundings of rock-masses find immediate response in chemi- 
cal reactions in the rock-masses themselves. 

ISTot only may replacement, molecule by molecule, take place 
between the constituents of a rock and mineral particles brought 
in by percolating waters, but reactions may be set up between 
contiguous constituents that are essential parts of the rock itself, 
forming wholly new minerals, often capable of segregating into 
considerable masses by themselves. Furthermore, external phys- 
ical changes, such as are produced by deformation, for instance, 
permit one molecule in a given mineral constituent to separate 
into two or several, without any marked replacement from out- 
side sources. 

ISTor is this all. In petrography many other distinct phases 
than those mentioned are already recognized, in which meta- 
somatism is actively engaged; and more are being constantly 
found. The refinements in this particular are already such as 
no consideration of ore-deposits can ever be expected to attain. 
So far as ores are concerned, only the grand general proposi- 
tion can be utilized, 
vox, XXX — 21 
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General Factors in Glassification . — The ascension, from the 
depths, of heated waters containing ore-materials, the transfer 
of metallic substances from the rocks near the surface to the 
cracks and crevices m them , and the replacement of a rock- 
molecule by an ore-molecule, are all general methods of ore- 
segregation. Their operation involves chemical changes that 
we cannot always determine or even well understand, much 
less practically use in the exploitation of the ore-bodies. The 
same is true of all other general processes involved in ore-for- 
mation. It is self-evident that such general factors give rise to 
few features which enable the ore-bodies to be advantageously 
classified. 

Genesis in Ore-Classificaiion. — ^When, in the classification of 
ore-deposits, primary importance is given to these agencies, wo 
would expect to have the nearest approach to the highest type 
of systematic schemes — ^the genetic. However, most of the 
latest attempts to classify ores according to origin are fatally 
faulty,, m that there is almost complete failure to recoguizo the 
essence of the genetic principle. “G-enetie plan” is an 
attractive title. It is widely used in other departments of 
science, hut, as usually applied to ores, the 2fians thus far pro- 
posed are genetic in name only. A truly genetic arrangement 
of ore-deposits must first of all take into account the metallic 
accumulations as ore-hodies. Then their relationships to the 
physical agencies or processes forming them should bo pointed 
out. 

To refer ore-deposits directly to the causes producing them, 
mstantly does away with the very principle lying at the base of 
all classification. From this practical standj)Oint, ores of all 
descriptions are jumbled together. Instead of orderly, helpful 
arrangement, there is chaos worse confounded. For instance, 
a classification of ores having the chemical mode of deposition 
as the ]irincipal criterion, meets with the very same difficulties 
as attend a chemical classification of rocks To be sure, it is 
possible to form such a scheme for rock-masses, but in practical 
geological work it is perfectly useless. Classification of oro- 
bodies, in which chemical formation is the primary standard, 
equally falls short of meeting the requirements of the problem. 

A purely genetic classification of ore-dejposits is, therefore, 
neither practicable nor desirable. The very definition of the 
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word ore makes it inadvisable even to attempt to construct a 
practical scheme that is, in its nature, strictly genetic While 
some such systematic plan may be in a general way framed for 
rock-masses, and while ores may be regarded as rock-bodies, 
the unscientific character of the group of substances going 
under the name of ores, makes a similar scheme for ore- 
deposits almost worthless. 

The fact that an ore is any metallic substance that accidentally 
accumulates locally in sufficient quantity to be utilized by man, 
precludes, in practice, the establishment of any close relation- 
ships between the different deposits, based wholly upon genesis 
A parallel case is found in botany. A classification of useful 
fruits -would give small indication of their morphological and 
genetic relationships. 

The physical and chemical agencies immediately involved in 
the formation of ore-deposits must therefore be conceded to be 
of minor importance in classification. Metasoraasis, already 
alluded to, which in “genetic” schemes gives rise to a primary 
group of orc-deposits, is a general process, and should find no 
place in any classification. The same is true of many other 
chemical modes of activity. All these are of vast importance 
in the consideration of ores, but surely not as criteria of classi- 
fication. 

Literature of Ore-Deposits. 

Although it cannot be said of some of the more recent 
descriptions, it is nevertheless very remarkable that so volum- 
inous a literature as that which treats of ore-deposits contains 
comparatively so little that can be worked over, as it were, for 
purposes other than mere record. One of the chief functions 
of a scientific literature is to enable -workers to take some things 
on authority, and be relievedof doing everything over again from 
the beginning Yet how little of the work of others is really 
available is amply shown by reference to any of our treatises or 
text-books on ores. It seems impossible to get much that is 
satisfactory concerning the exact manner of occurrence, the 
data affecting origin, and clearly stated information as to the 
relationships of the ore-bodies to the country-rock. Of late 
not a few wuitcrs have called attention to these points ; and 
none more forcibly than Posepiiy. 

Nor have these appeals been in vain. Along the lines men- 
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tioned great changes are evinced by the most recent ore-litera- 
ture For full confirmation of this statement one lias only to 
refer to the last volumes of the Transactions of our Institute, or 
the monographs and papers of the U. S. Geological Survey. 

Much less are we able to gather from the literature of this 
subject material adequate in amount and character to be used 
in a scheme of classification, for example. We seldom realize 
how faulty the data are until we attempt to arrange the subject- 
matter systematically. This is the acknowledged experience 
of every text-book maker. In this regard there appears to 
be no branch of science worse oflf than mining. 

Taking classification as an illustration, it makes little difler- 
ence what standard is considered in connection with ore-bodios, 
the shortcomings of ore-literature, as a source of suitable and 
satisfactory illustrations, are on every hand painfully manifest. 
Even when our text-books on ore-deposits are tested by their 
own criteria, the illustrations cited and described as typical ex- 
amples of particular classes include so many wrongly-inferred 
eases that it almost becomes necessary to verify personally 
every citation before it can be utilized with confidence. 

That so large a part of the published information concerning 
ore-deposits is unscientific in its character, is due to certain 
peculiar conditions not met with in other branches of knowl- 
edge. When I say unscientific I mean in the sense of lacking 
exact discrimination in both observation and statement. It is 
not, on the whole, the high-grade work that the geologist is 
accustomed to perform in his every-day efitbrts, or that the min- 
ing engineer does in his plans drawn with mathematical pre- 
cision. For this seeming carelessness neither the geologist nor 
the engineer is wholly to be blamed, notwithstanding the fact 
that the failure is due to both. 

At the time when ores are usually examined with reference 
to their main features as ore-bodies, their genetic and specific 
characters are secondary considerations; other things demand- 
ing more time and attention In the one case, the scientist is 
busy vith the geology of the region; and the ores can at the 
same time receive only incidental study. The time for their 
special investigation rarely arrives, so far as he is concerned. 
On the other hand, the engineer, v'-hile endeavoring to develop 
the ores, has his time taken up largely with the mechanical 
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difficulties of mining operations. Before lie is able to go back 
for tliorongb and exact scientific investigation, lie too is called 
to other fields. 

Thus, while many of the latest publications on ore-deposits 
are all that could be desired, a large part of ore-literature is 
unavailable as a basis for scientific statements regarding ore- 
classification, unless one is personally acquainted somewhat 
with the localities themselves. As to the great majority of 
developed ore-bodies already described, further inquiry is neces- 
sary before they can be judged by any of the standards yet 
proposed. In the present paper, selection has been made, in 
each category, of one or two illustrations, that are well-known 
occurrences. At the same time, specific reference is made to 
the best published descriptions, in order that the details may 
be readily examined in connection with the observations here 
oftered. 

Criteria of Ore-Classifioation. 

As all classification must be regarded as more or less practi- 
cal 111 its bearings, so one of ores should be of such a character 
that, as its most conspicuous feature, it can be made useful in 
their development With this end constantly in mind, the 
formation of a systematic scheme of ore-deposits loses many of 
the difficulties usually encountered. 

All attempts to arrange ore-deposits systematically have 
proved unsatisfactory, partly because no strictly scientific 
scheme of classification is possible, and partly because the 
practical mining phases of the question and the fundamental 
geological principles have never been properly co-ordinated 
In such an adjustment seems to he the most hopeful outlook. 

The usual principles followed in ore-classification have given 
diverse results, according as special stress has been placed on 
this or that feature. From the standpoint of mining, for ex- 
ample, mineral content is of first importance; in the most 
scientific plan possible, it is last. Again, to the miner, ore- 
origin is of least interest, from the theoretical scientist it 
receives attention before all else. 

While the principal factors that have been relied upon as 
criteria in the classification of ore-deposits are not many, they 
have been used so difiterently and with such varied emphasis 
that the subject has become much more complex than might 
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be expected. It is neither necessary nor desirable at this time 
to make a complete review of these criteria and the varied 
senses in which the terms have been employed Some ol the 
most conspicuous standards, however, may be mentioned. 
These are. ore-content; form of ore-body; mode of chemical 
formation; mode of physical formation , lithological character 
of filling, texture; position with reference to structure of 
country-rock, and origin with reference to the country-rock. 

Thus, it is naturally inferred that ore-deposits present so 
many aspects for consideration that, in order to make a classi- 
fication of them lasting and practical, it must he made as ac- 
ceptable as possible to all concerned How this can best be 
done becomes a two-fold problem. We get a hint towards its 
solution from the astute statement of Crosby, that “ It is gen- 
erally conceded that, whatever the limits of classification, its 
highest value, both as a means of education and as an aid in 
the discovery and exploitation of deposits, demands that it 
should he essentially geological, and not he based, at least in 
its mam lines, upon the qualities or uses of the materials ” 

This observation is no doubt due largely to a rcaliEation of 
the recent tremendous influence which geology has exerted 
upon mining and its methods. This influence gives geological 
occurrence first place in the consideration of ore-hodies. In 
attempting to arrange a comprehensive and practical scheme 
of classification for ore-deposits, it is thus quite manifest that 
the relationships which the deposits hear to the geological 
formations in which they occur come to he critical criteria. 
So, too, the physical agencies operating upon the geological 
formations must have the utmost consideration These factors 
may not always he clearly emphasized in a direct way, but 
they should he everywhere implied. The manner of deposi- 
tion of an ore as a geological formation not only becomes an 
important practical feature, but in classification a prime factor. 

For the most part, ore-hodies are geologically secondary for- 
mations. With some exeexfiions, they have accumulated long 
after the country-rock has been formed. While it has been 
widely recognized that close relationships exist between the 
formation of most ore-hodies and the character of their matrix, 
the vastly broader generalizations regarding the intimate asso- 
ciation of ores with geological structures have not received so 
much attention. 
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As a usual thing, the exploitation of ore-hoclies has been 
carried on in accordance with rules which the very limited ex- 
perience of the individual has pointed out. Where an operator, 
untrained in scientific earth-lore, begins mining in an undevel- 
oped district, his method of attacking the various problems 
presented is most likely to be after that of his nearest observa- 
tions elsewhere. He may hit upon the right plan of work at 
once; but the chances are ten to one that he will not Only 
after repeated trials and many failures, and after much fruitless 
expenditure of time and energy, does he finally reach satis- 
factory results. 

When, however, a specially trained geologist undertakes to 
make an investigation of a mining property, he, first of all, gets 
his bearings, as it were, with regard to the geological structure 
of the region and the distribution of the rock-formations. At 
once he eliminates nine-tenths of the chances of failure in 
arriving at the best jilan for operation Instead of a great 
game of chance, the development becomes a strictly business 
proposition. 

These two methods of procedure indicate the essential difier- 
onces between the old and new ways of carrying on mining 
operations. In fine, the intelligent exploitation of ore-deposits 
must have a broad geological basis 

The nearest approach to a truly genetic classification of ore- 
deposits is one which presents as prominently as possible the 
underlying principle of cause and effect. All products should 
find accurate expression in terms of the geological agencies. 
Only then are the broader distinctions in classification made 
possible. The various taxonomic groups are clearly separable 
only when it is recognized how and in what manner the com- 
ponents of the materials dealt with are influenced. Under one 
set of agencies and conditions, ore-materials are affected in one 
way Under another set of conditions they act altogether 
difterently It is inferred, therefore, that the primary group- 
ings of ore-bodies find their best expression when based upon 
the manner in which the agencies affect them, and the implied 
nature of these agencies. 

This is perhaps more clearly expressed by the accompanying 
scheme, in ivhich the groups and categories of ore-deposition 
are tabulated, and paralleled with some of the general forms of 
ore-bodies commonly recognized by miners . 
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Classification of Ch’-e-Dejmits. 


Groups 

Categories 

Miners’ Foims 

I Hypotaxic 
M ainly suiface de- 
posits 

Aqueous transporta- 
tion 

Besidual cumulation 
Precipitative action. 

Placois 

Pockets (in pait) 

Bog-bodies, some beds, layeis. 

II Eutaxic 
C liiefly stratified for- 
mations 

Original sedimenta- 
tion 

Selective dissemina- 
tion 

Emponded amass- 

ment 

Fold-filling 

Cievice accretion 

Concretionary accu- 
mulation 

Metainorplnc replace- 
ment. 

Beds, stiata, layois 

Impregnations (in pait) 

Masses (in part), some segie- 
gationb 

Saddle-reefs 

Gasli-veins, stock-woi ks (in pa rt) 
Nodules 

Falilbands (in pait), beds. 

in Ataxic 
Piedominantly un- 
stratifled and ii- 
regular bodies 

Magmatic secretion 

Metamorpliic segre- 
gation 

Furaeiole impregna- 
tion 

Picferential collec- 
tion 

Fissure-occupation 

Masses (m part), some lenses 
Stocks, lenses 

Contact-veins, some impreg- 
nations 

Cliambeis (in pait), some 
pockets, Imked-veins 
Attiition- veins (in pait), some 
linked-vems, tiuo veins. 


Primary Grouping of Ore-Deposits. 

Viewed broadly from geological and practical standpoints, 
the consideration of the major divisions of ore-dcposiis some- 
what after the iilati of Whitney, as afterwards adopted by hfcw- 
beriy, Phillips and others, seems to harmonize more nearly 
than any other distinction yet drawn, with the most modern 
conceptions regarding the real nature and relations of metal- 
liferous bodies In the scheme suggested above, ore-bodies are 
regarded as (1) surface-deposits, (2) stratified deposits, or (3) 
unstratified deposits. Under the new interpretations of the 
manner of most ore-depositions and dependence of their char- 
acter largely upon the conditions imposed by the local rock- 
surroundings, this triple subdivision can be, it is belicvod, 
readily adapted to the more advanced conceptions. Although 
by no means the same, or based strictly upon the same ground, 
or even bearing the same terminology, as that of ’Whitney, it 
still seems to be mere justice to credit him with originating the 
main idea. 
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This primary grouping, as now understood, is not only 
scientific, so far as it is possible to make a classification of 
economic deposits scientific, taking into full account tlie genetic 
processes, but it is also the most natural one, and the one of 
which the greatest use can be made in exploitation. 

While in every classification there must always be individual 
cases which do not appear to belong to any group, or which 
may be put in one place as well as another, the lines between 
the three great groups here recognized are certainly as sharp 
as between any yet proposed, and as marked as one can ever 
reasonably expect such lines to be drawn. The distinctions are 
usually readily made in the field, without the necessity of going 
through any elaborate and refined investigation. The deter- 
mination of the great group to which a particular ore-body 
should belong requires no special theoretical consideration and 
no discussion of mooted points. The most advantageous 
method of investigation is at once suggested. Tor each group 
of deposits demands a course of procedure very different from 
that of the others. 

The chief merit of this primary subdivision is that it now 
recognizes to its fullest extent the grander groups of geological 
agencies, which we are accustomed to call the hypogene and 
epigene processes. The surface or superficial ores constitute a 
small group by themselves, the result of a special phase of the 
first-named group, and hence are best considered independently 
of the other two The ores incorporated under the term 
Entaxic, meaning well arranged as ore-bodies, are “ stratified” 
only in the sense that they are associated almost exclusively 
with the stratified rocks, and their mode of occurrence is 
dependent upon the geological structure of these terraiies In 
the same way the Ataxic ores prevail largely among the “ un- 
stratified,” or massive, formations, or, when in the elastics, are 
wholly mdependentof the laws governing the stratified structures. 

While the names used by Whitney are not all we could 
desire in the interest of exact nomenclature, it still seems that, 
with some modification of the original ideas held by that author, 
they can be used as alternate terms to meet present require- 
ments It appears advantageous and necessary in all cases of 
this kind, when the conceptions are fundamentally difierent, to 
retain something of the old terminology, especially when it is 
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widely known. Wliile tke followers of WMtney may not be 
able to recognize fully tbe change of meaning or the new 
applications and extensions of Ms terms, the utilization of old 
names gives to all, who have been accustomed to them, some- 
thing of the general idea of the new. None except the ultra- 
specialist need find fault with such a method. 

Still, there are many who would prefer to have the new con- 
ceptions called by new names. In the present instance, bear- 
ing in mind in a very general way the same idea as before, the 
three groups are referred to as Hypotaxic, Eutaxic and Ataxic, 
meaning, somewhat arranged, well arranged, and Tiot arranged, 
with reference to their general geological structure and the 
geological structure of the associated rocks. 

Now, ill making the foregoing suggestions in regard to the 
lines along which, it is thought, should be built a classification 
of such heterogenous bodies as the ore-deposits, it is fully 
recognized that any attempt to adhere, as far as possible, to 
well-known terms and plans is fraught with danger of being 
wholly misunderstood. The wisdom, or lack of it, may bo 
seen later. However, this possible contingency is partly met 
by rather fuller explanations of the taxonomic groups than 
might otherwise be considered necessary. 

In regard to these major groups, the use of "Whitney’s names 
as alternate terms might appear to invite, for the plan here out- 
lined, all the accumulated criticism offered to the schemes of 
Whitney, Phillips, Von G-roddeck and Purnpelly, that the sub- 
divisions are unscientific, confuse criteria, violate the primary 
canons of classification, and are not genetic in nature. As 
used in the present connection, the titles “ surface,” “ stratified ” 
and “unstratified” are merely descriptive names, neither 
equivalents of the new terms, nor genetic terms. 

The principal titles here used indicate the most obvious 
structures and geological relations of the ore-bodies, regarded 
as geological formations, or terraiies, if they might be so called. 
The treatment is from the viewpoint of the modern study of rock- 
metamorphism. If one were permitted to generalize, without 
calling attention in detail to numerous exceptions that are 
more apparent than real, and are due to local modifications of 
conditions, the relationships of these principal groups might bo 
tabulated as shown in the following table : 
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Relations 

Hypotaxic 

Eutaxic 

Ataxic 

Dynamic. 

Epigene 

Epigene 

Hypogene 

Genetic 

Suspension 

Solution 

VlineiaJization 

Depositive. 

Sedimentaiy 

Sedimentary. 

Igneous 

Locative 

Supeificial zone 

Weatheied zone 

Cementation zone 

Foimal 

Pockets 

Beds 

Veins 

Structuial. 

Siibstratified 

Stiatified 

Unstiatified 

Chemical 

Oxidation 

Caibonation 

Silicification 


Ili/'potaxic (Surface) Deposits — ^While tins group of ore-accu- 
mulations might he included with the Eutaxic, or “ stratified ” 
group, its members present so many peculiarities in mode of 
origin and geological occurrence that they are advantageously 
considered by themselves 

The formation of ore-bodies on the surface of the earth con- 
forms to the ordinary chemical and physical reactions, as these 
are inferred from their manifestations among the much larger 
class of rock-materials, of which the ores constitute but a very 
small fraction. On the surface of the globe, transportation 
and concentration through the most familiar geological agen- 
cies, and chemical reactions, take place as we are most accus- 
tomed to observe them. The workings of the common laws of 
chemistry and physics are not obscured and modified by the 
absence of air, and the introduction of the factors of high tem- 
peratures and great pressures 

The strictly mechanically-formed bodies are peculiar to this 
group. The reason why the deposits of this kind are not 
more important as a whole is that the very processes which 
produce them usually do not stop their workings as soon as 
considerable ore-bodies are formed, but continue their activi- 
ties, and soon remove the ores again, along with the associated 
country-rock. 

Mttaxic (Stratified) Deposits —The ores of this class form a 
great group, analogous to the great group of stratified rocks. 
The name does not necessarily indicate that they themselves are 
stratified bodies, but that they are associated largely with the 
stratified rocks, and hence are amenable to the laws governing 
the clastic formations rather than those governing ore-formation. 
The case is one in which the accident of environment has come 
so largely into play that it has almost assumed the character of 
the dominant factor. 
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As most of tliese ores are introduced long after tlic onclos- 
ing country-rock has been formed, even those deposits which 
show a disposition to follow the general laws of stratification 
might be expected to be often erratic in occurrence. However, 
the genesis of ores of this kind is due to the action of the 
epigene geological agents. The containing-roeks are usually 
neither iinciuly indurated nor anamorphosed. 'When the ore- 
hodies of hypogenic origin occur in the sedimentary forma- 
tions, or are found associated with those of the other class, 
they generally present characteristics that enable them to ho 
readily distinguished. There is rarely confusion on account of 
this intimate association of the two groups. 

The deposits of the eutaxic group seldom originate from 
heated waters rising from the depths of the earth. Whenever 
the latter do happen to spread out laterally along the hctlcliiig- 
planes of the stratified rocks, the area afiectecl is rarely very 
extensive. 

On the other hand, the real eutaxic ore-bodies most com- 
monly originate while the country-rock is undergoing katamor- 
phic change, while under ordinary epigene influeneos some 
constituents are being dissolved and carried away, and other 
mineral compounds, including those that are mctal-b oaring, 
are being left iu their place. Hence, while such ore-bodies do 
not conform strictly to the bedding, or to the various structures 
of stratification, their distribution is, nevertheless, governed 
largely by the leading characteristics of the difiercut layers of 
rock-matenals. 

Although not always clearly bedded in their relations to the 
rocks, the deposits of ores in caves, for example, still follow 
the stratification laws largely; for the caverns are usually 
opened out along the main stratigraphic planes, iiotwuthstand- 
ing the initial crevice may have been immediately due to fault- 
ing or jointing. 

The main geological function of most ores being that of 
space-fillers, the advantage of those deposits originating through 
epigene agencies over those produced by hypogenic means are 
very great, when the two come to operate in the same mass. 
The spaces in rocks, whether large caverns and underground 
passages, or minute granular interstices, are comparatively 
rapidly filled by the minerals held in solution in ordinary cir- 
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dilating waters having no relations to the more heated depths. 
Moreover, metasomatic replacement goes on extensively under 
the same conditions. When mountain-making forces begin to 
act with comparative rapidity in a region, about the only spaces 
left to be filled by ascending heated waters are those along the 
fault-planes 

Ataxic ( Unstratified) Deposits , — In contradistinction to the 
other two groups mentioned, the ore-bodies of the unstratified 
or irregular group are usually associated in some way with 
igneous action. At any rate their origin is usually deep-seated, 
though not necessarily always so Most often they have been 
forced to the surface in a more or less highly-heated condition. 
The association of minerals is peculiar and characteristic. 
When bodies of the stratified group resemble those of the 
igneous class, the paragenesis of mineral siiecies is quite dis- 
tinctive. While the formation of these ores is largely through 
solutions, the process is really more than ordinary solution. It 
is solution affected by heat, pressure and gaseous factors, which 
should have some distinctive title. For want of a better term, 
the name mineralization is, in the present connection, adopted 
for this purpose, in nearly the same sense as that in which this 
term is used in petrography. 

Little or no relationship is observable between the deposits 
of this group and the geological structures of the surrounding 
matrix. The true fissures which these deposits most frequently 
occupy, follow lines dependent upon previous orogenic move- 
ments, but these are in no way connected with the original 
geological structure of the country-rock itself. Cavities dy- 
namically formed may extend not only through massive rocks, 
but also continue through stratified layers as well. Certain 
cavern-accumulations in easily soluble sedimentary beds often 
very much resemble, at first glance, the true fissure-deposits ; 
but there is usually little difiiculty in discriminating between 
the two In the past, many of the bitter controversies as to the 
Igneous or aqueous origin of mineral-veins have hinged directly 
on this point. 

Secondary Categories oe Ore-Bodies. 

The immediate genesis of ores is in great measure chemical 
in character. The general jihases of chemical activity, as con- 
trolled by physical factors, and the local conditions of geologi- 
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cal structure, furnish reliable and useful criteria for separating 
the metalliferous deposits into the great secondary classes 

These secondary features harmonize with the primary criteria 
of ore-classification, and are readily correlated with the stand- 
ards used in the ternary subdivision, which has as a basis the 
direct agency infiuencing the production of ore-hodies as 
geological formations. 

While the criteria of these secondary groups are essentially 
chemical in nature, they are of such a character that they co- 
incide closely with what we know as some of the great geologi- 
cal processes. In fact, as applied to ore-de] 30 sit 8 , they furnish 
merely specific illustrations of broader and more general 
phenomena. 


Teenaey Phases of Ore-Deposition. 

The third order of criteria, in the classification of ore-bodies, 
is that of specific genesis, as determined by the grander of the 
geological processes. For examjile, among the deposits formed 
as chemical precipitates on the earth’s surface, there come to 
be recognized five phases : 

1 Oxidation, ordinary. 

2. Exhalation, from decaying organic matter. 

3. Eeduction, in presence of organic matter. 

4 Evaporation, of carbon dioxide, for instance. 

6 Secretion, of metallic salts by organisms. 

So, also, m the case of surface ore-deposits transported and 
concentrated by moving waters, there are : 

1. Thallassic, by the sea, 

2 Fluviatile, by rivers 

3 Torrential, by flood-action on steep slopes. 

In the present outline these ternary phases need not ho ex- 
panded, and they are passed over without further comment 

Types of Hypotaxio or Surface-Deposits. 

The main subdivisions of the surface-deposits are three in 
number. Each of these has various special phases, which may 
also be considered in this connection. These ores may be re- 
garded as formed through (a) aqueous transportation; (h) re- 
sidual cumulation ; or (c) precipitant action. 
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Aqueous Transportation . — ^We are accustomed to call the ore- 
dcposits formed purely by mechanical means, placers. It is 
possible to recognize three quite difterent ways of formation. 
The chief method, as is well known, is by stream-action upon 
disintegrating rocks containing metalliferous constituents. In 
an analogous way, wave-action upon shores of seas and lakes 
often tends to separate locally the heavier from the lighter 
rock-materials, the former being frequently left behind as 
metalliferous sands. In favorable situations, the ordinary 
torrential work on hill-sides sometimes differentiates loose rock- 
materials into deposits sufficiently rich m metallic compounds 
to assume the character of ore-bodies. 

Examples of this category are familiar. The most common 
deposits that have been mechanically transported are, of course, 
the native metals, gold and platinum. The gold-placers of 
California may be mentioned as good illustrations. They were 
first elaborately described by "Whitney.* Penrosef has very 
recently noted similar placers in the Cripple Creek district of 
Colorado. Placers of the IJrals| produce the greater part of 
the world’s supply of platinum ; though recently similar deposits 
have been reported from Northern California and British 
Columbia 

The stream-tm of Cornwall is the classic example of stan- 
niferous minerals concentrated by river-action. Hanks § also 
mentions analogous occurrences of stream-tin in Dakota, 
Idaho and California. Kegarding the occurrence of iron as a 
stream-deposit, PenroseH has lately called attention to the con- 
glomerate limestone-ores of eastern Texas 

Wave-action and torrent-work are not, as a rule, important 
agencies of ore-accumulation. As instances of the former, the 
magnetite sands of Moisie, Quebec, may be referred to, and 
the gold-deposits of Cape Nome, and other parts of the 
Alaskan coast. 

Residual Cumulation . — In the category previously mentioned, 
the metal-beariiig rock-fragments are themselves transported. 
In the present case they are left behind, the country-rock being 

* Conti lb Amei ican Qeol , vol i , 1880. 
j U S Geol Sur , miiAnn Bept , pt li., p 150, 1895 
J Tscliernyscliew, T , Vlltli Cong Geol Int, Guide des Exc.^ ix , 1897 
§ Calijoima State 3£in , Fowth Ann Bept , p 120, 1884. 

II Teias Geol Sm , Fust Ann. Bept., p. 81, 1890. 
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removed either by mechanical means or by solution, or in both 
ways. 

Many manganese-deposits are formed in this way. Penrose 
has well described the brannite of Batesville, Arkansas , and 
Hallf the pyrolnsite of the Crimora mine, in Virginia. The 
oxidized zinc-ores of the Bertha mine,']; Virginia, partly orig- 
inated by this method. Some of the limonite ores of Alla- 
makee county, Iowa, as noted by Calvin, § appear to be of the 
residual type. 

The group is separable into a number of minor subdivisions, 
which, however, need not be considered in the present con- 
nection. 

Precvpitative Action . — The formation of ore-bodies by purely 
chemical means from solution in quiet waters is a wide-spread 
process However, the deposits are usually quite limited in 
extent, and so, on the whole, rather unimportant. The bog- 
iron ores are the most common occurrences. 

The ore-accumulations through precipitative action present 
several quite different phases. Most bog-ores, for example, are 
formed from chalybeate waters. Some of the North Oaro]ina|j 
bog-ores may be cited. Direct exhalations of decaying vege- 
tation cause local deposition of various metalliferous com- 
pounds In a small way, the principle is illustrated by the 
limonite tubules in loess-deposits.^l When ore-bearing solutions 
come into contact with organic matter, the latter often plays the 
part of a reducing agent. Wheeler**'* has described occur- 
rences of this kind on a small scale, the material being zinc 
sulphide formed in the presence of coal (lignite'’) Similar 
pockets of zinc-blende are also found associated with the coal 
of Morgan county, Missouri. 

Evaporation is a frequent factor in enabling stalilo forms of 
ores to accumulate. Certain limomte-dcposits of the Throe 
Elvers district, ff in Canada, are produced in this manner. 


* Aihamaa Geol Sur , Ann. Eept for 1890, vol i , p 99, 1891 
t Tram., vol. xx , p 46 
t Case, W H , Tiam , , vol xxii., p. 511. 
g Iowa Geol Sui., vol iv , p 101, 1896. 

II Willis, B , Tenth Census, vol xv , p 302, 1886. 

11 Keyes, C, E., Am Jowt. Sa. (4), vol. vi , p 299, 1898. 

Tans St Loms Acad. Sa , vol. vii., p. 123, 1894. 
ft GrifiBn, P H , Tans , xxi., 974. 
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Blako"’' ascribes to this mode of origin the aluminnm-ores at 
Silver City, blew Mexico The direct influence of microscopic 
organisms on ores is illustrated by the oolitic limonite-sands of 
the Swedish lakes f 

The linioiiite-ores occurring at the Prosser mines, J near Port- 
land, Oregon, are believed to have been formed in this way. 
ITayes§ ascribes to this origin the bauxite-deposits of the Coosa 
valley, in Georgia and Alabama; and Branner|| similarly ac- 
counts for the same kind of ores near Little Rock, Arkansas 

As examples of marine deposits may be noted the Eocene 
iron-ores of eastern Texas, as described by Kennedy ;*[[ and the 
Mesabi ores of Minnesota, first investigated by Spurr,’*'* and 
considered to have occurred originally as glauconite. 

Illustrations of Eutaxio Ore-Bodies. 

Original Sedimentation . — The ores of this type include all 
former surface-deposits that have become buried, and are now 
interstratified with other sedimentaries. As surface-deposits 
their preservation is accidental. When covered by sediments 
they are governed by a set of conditions entirely different from 
before, and their exploitation is the same as for all stratified 
deposits 

The specular hematites in the Upper Marquette conglom- 
erate, ft on the Marquette range in Michigan, appear to be 
partly of this type Also |)art of the Iron Mountain hema- 
tite't;'!; in southeast Missouri Kative gold-deposits described 
by Turner §§ at Magaha, California, are ascribed to a similar 
origin. 

Selective Dtsseminaiion — ^In some geological terranes, the ore- 
material is scattered through certain layers in small particles 
111 such a way that, while the character of the rock is preserved, 
the metallic contents are sufiicieiitly rich to be exploited. The 

■* Ti'cmft , XXIV., 571 

i Stapfl, F M., Zeitseh der cl geol. Geselhch , Bd xviii , p 86, 1866. 
t Putnam, B V , U S Tenth Census, vol xv , p 16, 1886 
^ TJ. S Oeol Su) , l&th Ann Eept , pt iii , p 547, 1895 
II American Geologist, vol. vu., p. 181, 1891. 

^ Tans , XXIV , 258. 

** Minnesota Geol Sui , Bull, x , p 258, 1894 
(■t Van Hise, C R , Am Jcnir Sci (3), vol xlin , p 116, 1892 
It Pumpelly, E , Bull Geol. Soc Amei ica, vol ii , p 220, 1891 
u V S. Geol Sui , 17thAnn. Eept , pt i , p 644, 1896. 

VOL. XXX —22 
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ores are disseminated, as it were, through the country. Be- 
cause of certain physical or chemical ipecuharities of the rock, 
the metalliferous contents appear to have selected these layers 
and no others. 

The present appearance of these ores in the matrix gives the 
latter the aspect of former marked porosity. This may or may 
not have been true. ISTo doubt the porous character of the rock 
has had much to do with the tendency of the ore-materials to 
restrict themselves to limited zones, but the slightly different 
chemical composition of the successive layers or rock-zoncs 
has also played an important role 

The variety of metallic substances occurring as ores in a 
disseminated condition that may be regarded as selective is 
considerable Iron, lead, zme and copper are the most common. 

The disseminated lead-ores of southeast Missouri arc good 
illustrations Mine la Motte, Doe Eun and Bonne Torre all 
present this form of orc-bodies. At the former min os, two 
principal productive horizons are recognized. The quantity 
of galena vanes greatly, but is most abundant in the more porous 
layers.* The zinc-deposits of Franklin Furnace, IT. J., may 
have been originally similar formations, that wore afterwards 
metamorphosed, t 

111 the Lake Superior region, the native copper-deposits, 
passing downward at great depth into the sulphides, are found 
acting as a cement in limited, once porous, conglomerates, j and 
in altered scoriaceous diabase sheets. § Blake 1| notes that the 
antimony-deposits of Iron county, Utah, occur as dissemina- 
tions in sandstones and conglomerates. 

To a smaller extent, copper-ores in the form of cuprite, 
native copper and malachite are found scattered in small par- 
ticles through sandstones, especially those of Triassic ago, 
along the Atlantic border, and in Kansas, in this country j and 
in G-ermany, Eussia and elsewhere, in Europe. 

JEmponded Amassment. — Ore-bearing waters may become 
ponded in a number of ways, depending upon the peculiari- 
ties of local geological structure, and may thus permit the ac- 

* Keyes, C E , Mmoun Oeol Sur , vol ix., Sheet Eept. No 4, p 65, 1S95 
t Kemp, J E , Tians Mew YoikAccid Set , vol xin., p 76, 1893. 
t Irving, IR D,, U S Oeol Sur, Mon y, 419, 1883 

I Wadsworth, M E , Bull Mus Comp Zool , vol vii , 1880. 

II C7 N Oeol Siu , Min. Bes for 1883-4, p 643, 1885. 
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cumulation, of more or less important economic bodies. "Wlnle in 
some cases amassment of this kind is to be considered as taking 
place under conditions producing surface-deposits, tlie reactions 
go on, in the mam, without direct contact of the atmosphere. 


Fig 1. 



Ore-Bearing Basin of Unconfoimity, at Copper Basin, Ariz Aftei Blake a, a, 
Granite , b, b, Dikes , c, Quaitz , d, d, Sandstone, canying Copper 

The ores of iron are widely deposited in this manner. Some 
of the most noteworthy phases are noted below. 

Along planes of unconformity, the basin-portions occupied 
by porous sandstones or basal conglomerates of the superior 
terrane afford conditions which locally interfere with the free 
circulation of waters. Blake"*" has described the malachite-ores 


Fig 2. 
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Ore-Beaiing Sink, at Cheiiy Valley Iion-Mines, Mo After INason a, a. 
Sandstones in Place , b, 6, Shales, c, c. Magnesian Limestone (leal wall-iock) 


d, d, Disturbed Sandstones (apparent wall-iock) 

of Copper Basin, near Prescott, Arizona, as presenting this 
kind of formation (Fig. 1). In this case the underlying 
granites, greatly decomposed, are traversed by many small 
mineral veins, some of which carry copper in one form or other. 

Former sinks in cavernous limestone-belts have often enabled 
considerable local bodies of sand and rock-fragments to gather, 


* Trans , xvii , 479. 
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wliicli afterwards became impregnated with ore-materials from 
standing waters. The Cherry Valley iron-mines, in south- 
eastern Missouri, are described by E'ason'* * * § (Fig. 2) 

In the Marquette district of Michigan, conditions of ore- 
deposition exist similar to those of the Peiiokee-Gogobic ore- 
bodies, but differently caused. The dike-cut strata are often 
folded sharply, so that either the sheets of dioritic trap or the 
impervious jasper layers form sharji synclinal troughs. In these 
the emponded waters finally drop their burdens. Van Hise’s 
ideaf is shown in Fig. 3. Smyth’s account^' of the hematites 
of Jefferson county, U. Y , indicates a like origin for these 
deposits. Here intrusions of granite or local flattening of the 
dips are believed to have an important influence in interrupt- 
ing the free circulation of ore-bearing waters. 


Fig 3 



Ore-Bearing Syncline, in the Marquette lion Eange After Van Iliae. 

It is a well-known fact that miners, in districts of tilted 
stratified rocks, look for ore-deposits along the lines of faults, 
when these are known. A porous layer underlain by an im- 
pervious one is by faulting cut off, and on the same level re- 
placed by a non-porous section. The circulation of waters is 
checked and the ore-materials are precipitated. Troughs are 
formed that are essentially like the Penokee-Gogobic form. 

"When impervious strata are cut by dikes and then tilted, 
troughs are formed which allow ore-laden waters to become 
quiet and then to deposit part of their burden. The hematite- 
ores of the Penokee-Gogebic range, south of Lake Superior, 
are remarkable examples. According to Van Hise,! they lie 

* Missouri Geol Sw , vol u., p 134, 1892 

t Am Joui Sci (3), vol xliii , p. 123, 1892. 

i New York Qeol Sm , 12>th Ann Bept , p 498, 1894. 

§ Am Jour. Sei (3), vol. xli, p. 117, 1891 
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in the angle of intersection of layers of compact northerly dip- 
ping quartzites and sheets of trap-rock having southerly dips. 
This arrangement is shown by the diagram, Tig 4. 

Fold-Filling , — In regions in which strata are closely folded, 
differential movement of the layers produces at the apices of 
the arches and troughs cavities which become the receptacle 
of ore materials Quartz or calcite masses are very commonly 
found in this position. The most notable ore-bodies occupying 
similar positions are the saddle-reefs of Victoria, Australia, as 
described by Schmeisser.* 

Cremee- Accretion . — The metalliferous deposits of cavernous 
sedimentary rocks have been the crucial tests of the rival the- 


Fig. 4 



Ore-Beaiing Trough in the Penokee-Gogebic Iron Eange After Van Hise 


ones of ore-genesis 'Whether or not a given opening was 
filled from below by heated solutions, or was fed laterally by 
superficial waters, is a matter of small practical moment In 
some cases they are undoubtedly formed in one way; in other 
cases, in the other. 

As a rule, the crevices are opened out along joint-planes or 
faults of small throw. There is thus more or less regularity 
m their distribution and trend. While their vertical extent is 
often considerable, the broadest iiarts are restricted to certain 
definite layers, which were more susceptible to solution and 
chemical change than the other beds. 


Fiekfe 0 / Avstiaha, London, 1898. 
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The ziuc-cleposits of southwest Missouri, on the flank of the 
Ozarks, are examples in which the formations of caverns has 
been carried on to a wonderful degree Winslow’s extended 
account* of them is the most accessible for details. The lead- 
and zinc-deposits of the Dubuque region in the Tipper Missis- 
sippi valley are quite similar in all respects. f So also are the 
Mountain View mines of Maryland, described by Williams, j* 

Gash-veins are largely of this type. 

Goncretionary Accumulation . — While this process is a common 
one among non-metallic substances, it is unimportant so far as 
it applies to ores. The clay-ironstone nodules of some shales 
are abundant enough in some localities to be of value. The 
nodular iron-ores of the Potomac clays, in Maryland and Vir- 
ginia, have at one time or another furnished a considerable 
quantity of ore. The nodular black-band associated with the 
coal-beds of the A]ppalachian region also supplies some ore 
which is used, especially as a mixture with the more refractory 
varieties of iron-ore. 

Metamorphc Replacement — ^In the metamorphism of rock- 
masses into crystalline schists a banded structure is superin- 
duced. The various zones ditferiug originally from one another 
in chemical composition, as well as physical character, retain 
in a measure certain notable differences. In the alteration of 
the original minerals, metallic replacements frequently occur, 
or conditions are induced which enable ores to be accumulated 
along certain zones. This gives rise to many of the fahlbands 
of the Germans. In the locality where this term was flrst 
introduced, at Kongsberg, in PTorway, the various fahlbands 
contain ores of copper, iron, zinc and lead, as well as some 
silver and gold. 

Examples of Ataxic, or Dnstratified, Orb-Bodies. 

Magmatic Secretion . — The basic masses which often crystal- 
lize out while molten magmas cool are frequently of suflicicnt 
richness, in metalliferous minerals, to constitute workable ores. 
The iron-ores are the principal occurrences. It is quite probable 
that many of these basic masses that occur so frequently in the 

‘ Mmonn 0ml Sw , vol vii , p 643, 1894 
t Bain, H F, Iowa Geol Sw., vol. x., 1900 
i 3Iaryland, its Besoui ces, etc, p. 148, 1893 



ORIG-IN AND CLASSIFICATION OF OEE-DEPOSITS. 


353 


eruptive rocks could be exploited with profit for some of the 
rarer metals. Excessively basic developments are known to occur 
in many marine rocks. 'Wiuchell-^ has called special attention 
to the existence of extensive ore-bodies of this kind in the gab- 
bros of Mayhew, Portage, and neighboring lakes of Minnesota. 
More recently, in the Adirondack region, Kempf has described 
similar ore-deposits of importance; while VogtJ has reviewed 
the many occurrences of Sweden. 

Meiamorphe Segregation . — ^In the alteration of the crystalline 
rocks by metamorphism there is, in addition to the formation 
of new constituents, a greater or less tendency for certain 
minerals to segregate and form ore-masses. 


Fig 5 



Coppei-Depobits neai Ailmgton, N J After Darton. a, a, Tiap-Slieet , b, b, 
Sandstone , e, Shales The black represents seams and impregnations of cop- 
pei ore 


The chromite-deposits of Bare Hills, near Baltimore, Mary- 
land, which are found in altered peridotite, appear to have 
been formed in this manner The nickel-deposits of the G-ap 
Mine, in Lancaster county, Pennsylvania, described by Erazer,§ 
may have had a similar origin. 

Fiimarole-Jwpvegnation. — The action of ^^apors in volcanic 
districts in forming ore-deposits cannot probably be separated 
from that of hot solutions. In most cases, both are in play at 
the same time On the borders of molten rock-bodies, fuma- 

* Minnesota Geol Sur , lOiA Ann Mept , p 80, 1882 
f- Bull. Geol Soc Amenca, vol. v , p 222, 1894 
t Zeitsh f Pralt Geol , Bd i , s 4, 1893 
§ Penn Geol. Sur., Eept. CCC, p 163, 1880. 
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role action is extremely active in metamorpliosing the cold 
conntry-rock. Often, without completely destroying the iden- 
tity of the country, ore-materials are deposited in the inter- 
stices and cracks. In this way coiisiderahle ore-accumulations 
are often made along the contact of the molten body of rock 
and the country. 

The copper-ores found near Arlington, 'Now Jersey, described 
by Darton,'*^ appear to be chiefly impregnations, resulting from 
the cooling of an intrusive trap-sheet. (Fig 5 ) Some of the 
silver-ores of Mercnr, Utah, noted by Spurr,t are also of the 
same category. Tin, in the form of cassiterite, seems to lie the 
common result of fumarole-action in connection with granite. 

Preferential Collection . — This method of segregation occu- 
pies about the same relation in the ataxic group as selective 
dissemination does in the eutaxic. While deposition of the 
ore-materials takes place mainly along lines of lithological 
similarity, and is usually associated with volcanic action of 
some kind, the ore tends to gather in more or less extensive 
and large bodies. In the cases of selective dissemination and 
erevice-accretion, the cavities and caverns wore largely already 
existing when the ores began to be deposited. In preferential 
collection, the country-rock is largely removed at about the 
same time that the ores are left. The determining factor in 
localizing deposition is the mineralogical or lithological char- 
acter of the country-rock, though fumarole-action often plays 
an important rSle. The deposits of this kind cannot always be 
well separated from regular contact-deposits. 

As illustrations, several familiar mining districts may be 
noted. The lead-silver ores of Lake Valley, Uew Mexico, as 
described by Clark, J may be regarded as belonging to this 
category. The similar ores of Leadville, described so elabo- 
rately by Emmons, § are also of great interest in this con- 
nection. 

Fissure- Oeeupation . — The true fissure-veins, originating first 
by profound fracture and dislocation of the rocks, opening com- 
munication to deep-seated volcanic activity, are among the 


* U S. Geol. Sur , Bull 67, p. 57, 1890 
t Z7 /S' Oool Bui , IQih Ann Bept , pt. ii , p 367, 1895. 
t T) ans , vol xxiv , p 138. 

^ U S Geol. Sur., Monogi. xii , p 378, 1886. 
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most familiar of the phenomena connected with ore-deposits. 
They need no special consideration in the present connection. 
It is convenient to recognize several more or less distinct 
phases. There are those originating, (1) along joint-planes ; 

(2) along fault-lines , (3) along shearing-belts ; and (4) in vol- 
canic necks. 

Eecapitulation. 

In considering the classification of ore-deposits, the main 
points which it is aimed to emphasize are . 

(1) The chief feature wherein the present classificatory 
scheme differs from others is in the prominence given to 
geological occurrence, and the direct operation of the geo- 
logical processes, as essential factors in the genesis of the ore- 
bodies. 

(2) The nearest possible approach to a purely genetic classi- 
fication of ore-deposits is believed to he found in their geo- 
logical relationships, as determined by the great groups of 
geological processes, and not in their direct chemical forma- 
tion or physical shapes. 

(3) The chemical reactions so widely used as criteria of ore- 
classification are to be regarded as general agencies, and, there- 
fore, they are not available m the specific determinations of the 
various classes of ore-bodies 

(4) In the discovery and exploitation of ores, structure is ot 
first importance , not so much the structure of the individual 
ore-body itself as the geological structure of the enclosing 
country rocks. 

(5) The primary groupings of ore-bodies appear to be best 
indicated when based upon their geological occurrence, as 
governed by the nature of geological processes operating. 

(6) The secondary groupings appear to be best based upon 
the general form of the ore-bodies as geological formations pro- 
duced by the grander categories of geological agencies 

(7) The ternary groupings are best based upon the specific 
phases of the geological processes involved in the formation of 
ores as ore-bodies. 

(8) The source of the ore-materials is an unessential factor 
in their classification ; the great practical question is, How are 
ores best exploited ? In this connection it matters little what 
was the original condition of the ores. Hor have we to do very 
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miicli witla the detailed, complex, and usually theoretical chem- 
ical reactions that are supposed to take place before the final 
stage of the ore, as we find it, is reached. 

(9) Ore-bodies of very similar appearance may be formed 
by very different methods • — a fact which, while apparent in all 
classifications, does not necessarily vitiate any. 

(10) The present scheme is merely suggestive. It is the 
barest outline of what is believed to be capable of much further 
expansion and development into a comprehensive, rational 
and practical general plan. 


The Clealum Iron-Ores, Washington. 

BY GEORGE OTIS SMITH AND BAILEY WILLIS, WASHINGTON, D. C 
CWasLington Meeting, February, 1900 ) 

L Summary op General Features. 

Location . — The Clealum iroii-ore deposits occur on Cloaliun 
river, a tributary of the Yakima river, in the eastern spurs 
of the Cascade range, 'W’ashington.t Mount Stuart, 9470 
feet in altitude, is a dominant peak of the district, which will 
therefore he referred to as the Mount Stuart district. By way of 
the valley and canon of the Clealum, the ores are 18 miles from 
Roslyn, the colliery-town, which is reached by a short branch 
from the Northern Pacific Railroad. Where they occur the 
valley has an elevation of 2900 to 3000 feet above sea; that 
of the end of the branch railroad at Ronald is 2345 feet. The 
grade of the valley from near Ronald to the junction of the 
Clealum and Salmon Lasac rivers, 14| miles, is 20 foot per 
mile ; thence to the iron-ores it is 130 feet per mile, through 
a canon 2| miles long. Abreast of the deposits the western 
wall of the valley IS formed by iirecipices of sandstone; the 
eastern slope is comparatively gentle, being cut in easily eroded 

* Published by Pei mission of the Director of the TJ. S. Geological Survey, 
f The district is included in the Snoqualmie aud Mount Stuart quadrangles of 
the Topographic Map of the United States, and the geology will he described in 
detail in the Snoqualmie and Mount Stuait folios of the Geologic Atlas now in 
preparation by the U. S. Geological Survey. 
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serpentine. The valley is floored with gravel, except where 
the iron-ore knobs project and in the channel of the stream. 
The mountains on either side rise 2000 to 4000 feet above the 
valley and are generally timbered 

Extent and Mode of Occurrence . — Outcrops of iron-ore ap- 
pear at intervals along the valley in a single line from Camp 
creek to Boulder creek, a distance of 1 mile, trending S, 15° 
W. A distinct line of outcrops, extending about S 80° B., 
occurs a mile further south and high up in the spurs of the 
mountains east of the valley. These southern croppings lie 
from 650 to 1800 feet above those by the river and are traced 
for three-quarters of a mile. 

The ore-bodies are lenses, which vary in thickness from a 
foot or two to 30 feet They are not sufficiently exposed to 
permit a determination of their relations along the trend, but 
they appear at frequent intervals 

They have a definite geologic position in the rock-series of 
the district, and their distribution is determined by the geo- 
logic structure. They he on the surface of an extensive for- 
mation of serpentine, at and in the base of a sandstone, called the 
Swank sandstone. The serpentine is older than the sandstone. 
It had been much eroded when the sandstone was deposited, 
and the sandstone, although composed chiefly of granitic sand, 
contains in its lower beds, near the serpentine, bits of decom- 
posed serpentine and heavy minerals derived from it. Limited 
lenses of shale composed of serpentine wash and also conglom- 
erates of serpentine boulders occur at the base of the sand- 
stone. Thus the surface on which the iron-ores occur was an 
eroded surface, which, with soil and other residual accumula- 
tions, was buried beneath granitic sands. The relations and 
character of the ore indicate that it was a sedimentary deposit 
on the serpentine, was covered by the sands, and later meta- 
morphosed to its present condition. 

Character and Chemical Composition . — The iron-ore is a green- 
ish black, dull rock of amorphous appearance. It is character- 
ized by the occurrence of numerous oolites in the structureless 
matrix. It contains both magnetite and hematite associated 
with more or less weathered serpentine, and the ore-lenses are 
composed of masses which vary from concentrated ore con- 
taining 60 per cent, or more of metallic iron to the clayey 
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waste of serpentine. The following table shows characteristic 
analyses : 



Samples Taken by Dr J P 
Kimball * 

Sample Taken by 
Bailey Willis , Aver- 
age of 350 Sq Yds 
exposed, approxi- 
mate analysis, ex- 
cept for Fe, P and S 

Monarcli Mine , 
Aveiago Sample m 
Pit Bottom Taken 
by Courtis and 
Smith i 

I 

Good Ore 

II 

Poor Ore 

S 102 

3 10 

14 40 

76 

8 950 

T 102 



7 


A1263 

4 08 

23 70 

21 9 

20 376 


5 20 

Undetermined 

22 

1 929 

Fe^Oa 

82 56 

60 26 

371 

35 324 

FeO 

1 24 

0 69 

21 3 

21 887 

NiO 

0 68 

Undetei mined 

.2 


MnO 

0 30 

0.43 

Undetermined a 





little 


MgO . 

1 01 

1 02 

23 

0 720 

H2O 

1 53 

Undetermined 

68 


P 2 O 6 



09 

0.142 

s .. 



03 

0 130 

C 03 



15 


CaO 

0 28 

1 27 


3 860 

Ag. . 




tiace 

Au 




tiaco 


99 98 


100 27 


Metallic iron 

58 77 

36 16 

42 51 

41 737 


The value of the deposit as an iron-ore depends, among other 
conditions, upon the degree of concentration economically pos- 
sible in mining and hand-picking, the distribution of the phos- 
phorus and other incidental constituents in the rock or ore, and 
the effect of the large percentage of alumina. In the leaner ore 
the alumina is greatly in excess of the silica, z.e., is present ap- 
parently as a free oxide, which would be refractory in smelting. 
These questions, which belong to the province of the mining 
engineer and technologist, are not here discussed 

n. GtEOLOGY OB THE DISTRICT. 

The general geologic character of the district is shown on 
the accompanying map. 

Glassijicatwn of the JRocks. 

The Swank sandstone, at the base of which the iron-ores 
occur, IS known to be of Eocene age. Therefore, for this dis- 


“Ee&idual Concentration of Weatheiingas a Mode of Genesis of Iron-Ores," 
Dr James P. Kimball, Am Geologist, vol yyi , p. 163, 1898 
f Coircspondence, published by permission of Mi Courtis. 
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cussion, tlie rocks of tke district may be divided into two 
groups first, those which are older or pre-Eoceiie ; and, second, 
those which are Eocene and post-Eocene. These two groups 
are separated by the unconformity at which the iron-ores he. 
Each group includes several formations. 

Pre-Eocene Pocks . — The oldest rocks of the area are slates, 
chert, limestone, quartz schist, and volcanic breccias and tuffs, 
constituting a pre-Eocene complex. All these rocks have been 
somewhat metamorphosed, yet rarely to such an extent as to 
prevent the determination of their origin They were folded, 
sheared, and intruded by igneous rocks early in the history of 
the region, and have been more or less mineralized with cuprif- 
erous, auriferous, and argentiferous deposits. 

One of the most voluminous of the intrusives in the pre- 
Eocene complex consisted of large masses of peridotite, now 
more or loss altered to serpentine. These intrusive masses are 
scores of miles in length and several miles in width. They 
have in great part the form and relations of large dikes. 

The youngest of the pre-Eocene rocks is a granodiorite closely 
resembling that of the Sierra htevada. The rock looks like an 
ordinary medium-grained granite, except that it is poorer in 
quartz and slightly darker in color It constitutes the Mount 
Stuart batholith, and that mass with others in the Cascades 
furnished the sands of the Swank sandstone. 

Eocene and Post-Eocene Pocks . — ^Arkose sandstones constitute 
the great mass of Eocene strata in the Cascade Eange. They 
are of widespread occurrence on the west as on the east of 
the range. In the Mount Stuart districtythe Eocene sandstones 
are divided by an extensive flow of basalt, and accordingly the 
Eocene formations are ; first, the lower sandstone which is called 
the Swank; second, the Teanaway basalt ; and, third, the upper 
sandstone which is called Eoslyn. The two sandstones are very 
similar in general character, and the eruption of basalt, which 
flowed from conduits now represented by innumerable dikes in 
the Swank sandstone, appears to have occupied a brief interval, 
after which the conditions of erosion and deposition were essen- 
tially the same as before it. 

The economically important facts of these Eocene rocks are 
the occurrence of a good grade of steam-coal mined at Eoslyn, 
and the possibly valuable iron-ores at the base of the Swank. 
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Tlie Post-Eocene formations are of botli sedimoutary and vol- 
canic origin Basalt flows, younger than tlie Tcanaway basalt, 
connect witli basalts which form the great expanse of the Co- 
lumbia plain far to the east. A comiflex mass of more acid vol- 
canic rocks, chiefly andesitic, occurs in intricate relations with 
other formations about the headwaters of the Yakima river, and, 
overlying the Swank sandstone west of the headwaters ol the 
Clealum river, forms the summit of G-oat mountain. 

Geologic Structure. 

Structure of the Pre-Eocene Rocks. — The pre-Eoceiie complex, 
the oldest series distinguished, is mtrically folded, sheared and 
faulted. The details of the structure are not unraveled. Tlie 
intrusive peridotite, now largely represented by serpentine, 
shared in the later experiences of deformation of the complex, 
and everywhere exhibits evidence of intense crushing and 
movement, which the soft character of the rock facilitated. 
The granite of the Mount Stuart hatholith is mueh jointed, but 
never schistose. Its luimodified granitic texture and massive 
character distinguish it structually from the older rocks, and 
prove that the deformation they exhibit had been in largo 
measure accomplished before it was intruded. 

Structure of ike Sioauk Sandstone. — The Swank sandstone was 
bent with the underlying rocks and some of the overlying 
strata during the late Eocene or early Miocene. The date 
is not well determined, and the movements may have occurred 
at two or more distinct epochs The essential result m the 
vicinity of the Clealum iron-ore deposits is an anticlinal fold. 
The anticline is apparent in the attitude of the Swank sand- 
stone, which at the ore-deposits in the valley and west of them 
111 Goat mountain strikes a few degrees west of south and dips 
45 degrees west, but which strikes S. 80° E, and dips 75 
degrees south in the vicinity of the other iron-deposits a mile 
further southeast. The axis of the anticlinal arch is cut in the 
canon of the Clealum river, and the base of the Swank forma- 
tion has been traced in its swing around the axis from the 
western to the southern dip. The pitch of the axis is toward 
the southwest. 

A small fault is seen in one exposure of the iron-ore in the 
southern outcrops high up on the hill. It is a normal fault, 




Geologic Sketcli-Map of Clealum District, 'Washington. 
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striking E". 17° 'W. and hading from the vertical 15° W., with 
a vertical throw of about 60 feet. hTorthward this fault is not 
determinable, since, if it exists, its position coincides with 
Clealiim valley, and it is obscured by superficial gravels It is 
here referred to chiefly because Dr. Kimball has described the 
structure of the deposit as that of a faulted dome.* 

TTT . Htpotheses. 

Genesis of the Ore. 

Source of the Iron — The iron concentrated in the hematite 
and magnetite of the ore may be of extraneous origin or 
derived from an adjacent rock. In the facts of its position and 
association there is no evidence to show that it is a deposit 
brought in from any more or less remote extraneous source. 
There is much, on the contrary, to connect it with the serpen- 
tine, 111 its field-relations the ore lies on the sorpeiitino, con- 
tains serpentine waste, and grades into shale derived from ser- 
pentine. The analyses of the ore and serpentine (p. 3G4) show 
that they both contain, in addition to the usual rock-constitu- 
ents, such occasional ones as chromium and nickel. Magnesia, 
an important constituent of serpentine, is also found in the ore. 
It IS therefore reasonable to suppose that the iron-ore is a re- 
sult of concentration from the serpentine. 

Conditions of Deposition — The iron-ore occurs on a surface of 
unconformity, the surface of the serpentine formerly exposed 
to the weather and later buried under sands of the Swank 
formation. In order to frame a hypothesis of the conditions of 
concentration, it is necessary to interpret the facts of the un- 
conformity. 

The hasal-heds of the Swank formation, other than the 
relatively limited occurrences of iron-ore, are generally coarse 
arkose and more locally conglomerates, which consist of 
granite, greenstone, and slate pebbles mixed, or of serpentine 
boulders alone, or rarely of granite boulders alone. The con- 
glomerates are exceedingly local in extent, and when composed 
almost wholly of serpentine or granite are restricted to areas of 
those rocks underlying. The serpentine conglomerates contain 
only occasionally a granite pebble or one of any other rock 


Op. at , p 157. 



THE CLBALUM IRON-OKES, WASHINGTON. 


363 


than serpentine. The granite conglomerates contain a larger, 
but yet surprisingly small, proportion of slate or quartz peb- 
bles. 

These facts, taken in connection with the enormous volume 
of arkose which constitutes the Swank and Hoslyn formations, 
indicate that the conditions limited the transportation of boul- 
ders and shingle, but favored the accumulation of granitic sands, 
and, furthermore, that the localities where serpentine was weath- 
ering were for a time protected from the invasion of the wide- 
spreading deposit of arkose 

The basal contact of the Swauk with the older formations is 
exceedingly uneven, and when traced out reveals the bold re- 
lief of the Eocene topographic surface, in which the soft shat- 
tered serpentine corresponded with lowlands Those depres- 
sions, which received little or no wash of other rocks than 
serpentine, may have been water-sheds limited to areas of that 
rock Here meteoric waters leached out the soluble parts of 
the disintegrated rock, and the mantle of residual material 
was deep. The climate was sub-tropical and vegetation abun- 
dant 

As the coast of the rising water-body of early Eocene time 
was established it assumed a very irregular outline, with numer- 
ous bays and promontories The climate became favorable to 
very rapid disintegration of the granite, probably through slight 
hydration of the feldspar, without marked chemical change. 
At certain points along the coast, streams delivered the granite 
waste, which was built into beaches, spits and bars by shore- 
currents Behind the beaches and spits, lagoons were enclosed, 
and, in some instances, such lagoons corresponded to shallow 
bays which received the drainage from areas of serpentine. 
That drainage was charged with iron and with decaying plants. 
The conditions were thus favorable for precipitation of iron 
either as ferrous carbonate or as a hydrate of the sesqui-oxide 
in the shallow waters of the lagoon. As the shore-line of the 
slowly rising water-body advanced upon the land, the several 
conditions advanced with it, and in favorable localities a deposit 
of iron was a characteristic, and more or less extensive, basal 
deposit of the sediments The conditions are believed to have 
been closely analogous to those which accompanied the deposi- 
voL XXX —23 
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tion of tlie carbonate-ores that have been dug in the Cretaceous 
formations about Baltimore, Md. 

Chemical Eelations . — In connection with the hypothesis that 
the ore is the product of decay of the serpentine, a compar- 
ison of the analyses of the two is essential. The serpentine, 
of which the following is an analysis, was collected at some 
distance from the Clealum river locality, but fairly represents 
the rock at that point. It is here compared with the average 
sample of the ore taken by Mr. Willis. 




Serpentine 

Oie 



Pei cent 

Pei cent 

SiO,, 


. 39. 

7 5 

TiO^ 


. . trace 

7 

AlA, 


. 1.76 

21 9 

CrAr 


.47 

22 

T'e.Oa, 


. 6 16 

37 1 

FeO, 

. 

. . 1,71 

21 3 

MnO, 

MgO, 


.15 

trace 


. 38. 

23 

H^O, . 


. 13.74 

6 8 

K,0 -f Na^O, . 

.10 

unclet. 


. 

trace 

.09 

ffiO, 


.10 

.2 

s, . 

. 

03 

.03 

C 02 ,. , 


none 

.15 



100 21 

100.27 


Ill comparing these two analyses, we may consider the loan 
ore as a rearranged, but chemically little modified, residual 
product of the serpentine. In such comparisons most students 
of the subject of weathering have regarded alumina as the con- 
stituent least liable to removal, and therefore best adapted to 
serve as a basis of calculation. Supposing none of the alumina 
to have been lost in course of the weathering of the serpentine, 
the alumina present in the residual product furnishes a measure 
of the amount of concentration involved in the process, and also 
of the amount of the material removed. In the present case, 
the alumina percentage having increased from less than two to 
nearly twenty-two, it would follow that twelve and one-half 
units by weight of the serpentine were required to furnish one 
unit of the residual deposit. Calculating the losses for the 
principal constituents, it is found that the material removed has 
been in the main silica, magnesia and water. The approximate 
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losses suffered by these constituents expressed in percentages 
are 96, 99 and 96 per cent respectively. There is no appar- 
ent loss of ferrous iron, but in view' of the probable inter- 
changes of the tw'o oxides of iron, the result may perhaps be 
expressed in terms of the iron itself, which shows a loss of 31 
per cent, in the course of the decomposition of the serpentine 
into the residual product. There were also small losses of 
manganese, chromium, phosphorus, nickel and the alkalies, 
many of these losses being large if expressed in terms of the 
amount present in the serpentine. 

The amount of concentration here calculated may seem very 
hypothetical, and the consequent loss of material in the forma- 
tion of a residual deposit too great to be reasonably entertained. 
Merrill,'^' however, cites a case of weathering of serpentine into 
residual soil, in which the increase in alumina indicates a con- 
centration of nearly thirty to one. Calculations based upon 
his analyses of tlie serpentine and of its residual soil show the 
silica, magnesia and iron oxides to have lost approximately 95, 
99 and 96 per cent, respectively The two cases are thus com- 
parable, except that in the residual soil, just mentioned, the 
residue of silica is sufficient in amount to allow the alumina to 
be present in the usual state, the hydrous silicate. In the 
Clealum ore, however, there is silica for a small portion only 
of the alumina The large remainder must be present as a free 
oxide or hydrate, probably such as that which forms bauxite. 

The Clealum ore resembles in a general way some of the more 
ferruginous bauxite-ores, and, as has been seen, it also occurs 
with the same relations to a basic rock that the G-erman baux- 
ites show to basalt The chief difficulty in assigning a residual 
origin to this deposit is a chemical and not a geological one. 
The problem is to account for the disassociation of the silica 
and the alumina. However, the same difficulty inheres in 
the cases of the German bauxite-ores, w^ich are plainly residual 
in origin Merrill gives the analysis of a residual clay derived 
from an argillite in Maryland, which shows an excess of 
alumina, only one-half enough silica being present to combine 
with the alumina. This loss of silica seems peculiar, but this 
case also must be considered as show'ing that some of the 


Men ill “Eock, Eock-Weathenng and Soils,” p 226 
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most common reactions of weatliering processes have not 
yet been traced. 

The reactions begun in the alteration of the original peri- 
dotite into the serpentine were doubtless continued in the 
process of weathering, the magnesia being removed as carbon- 
ate, together with some of the iron, while silica may have been 
set free in the chalcedonic state. Such is the process as usually 
observed in the weathering of serpentine It seems probable 
that the residue from the decomposed serpentine was composed 
principally of the hydrated oxides of aluminum and iron. 
The former may at this time have been segregated in the 
concretionary form so characteristic of bauxite deposits. Simi- 
lar concretions in iron-ores have been shown by Van Hise* to 
indicate metasomatic derivation from the iron carbonate. The 
carbonate may have been either the original or a later form of 
the iron in this deposit. Organic matter was without doubt 
present in sufficient amount to account for the formation of the 
carbonate. 

The original deposit of aluminous iron-ore has been meta- 
morphosed in consequence of deep burial, and of movements 
suffered in the deformation of the region The plane of con- 
tact of the Swank sandstone on the serpentine may have been 
the course of waters which oxidized or reduced tho ores from 
their original state to their present condition. Diasporo, which 
occurs in the ore in small quantities, may have resulted from a 
partial dehydration of the bauxitic material present. Untile 
and chromite are minerals also present in small quantities. 
Whether desilicification has continued during this second 
period is uncertain, but the presence of solutions containing 
free silica is indicated by the filling of minute cracks in the 
ore with what appears to be chalcedonic material. Tho ore 
and its relations have not been studied sufficiently to determine 
the nature of the metamorphism. 


Monograph xix , U. S, Oeol Sur., p. 209. 
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The Cripple Creek Volcano. 

BY T. A RICKARD, STATE GEOLOGIST OP COLORADO, DENVER, COLO 
(Washington Meeting, February, 1900 ) 

The Cripple Greek district occupies a cluster of foot-Mlls on 
the south side of Pike’s Peak and is a portion of an extensive, 
though uneven, plateau which unites the eastern range of the 
Rocky mountains with the Sangre de Oristo. It is essentially 
a small volcanic area, of about 20 square miles, amid the granite 
of the Front 'range But though, when regarded as a rich 
mining district, it may be considered as an isolated area,* yet, 
geologically, it is, as "Whitman Cross has pointed out, only an 
outlying portion of a much larger volcanic region, f which 
stretches to the south and west, around Silver ClitF and the 
Rosita hills, forming the picturesque country cut by the deep 
canons of the Arkansas river and its tributaries. 

The mines are situated amid a volcanic complex, consisting 
of tufis and breccias which have been penetrated by an exten- 
sive system of dikes and other intrusive masses. The prevail- 
ing formation is an andesite breccia, which lies upon the worn 
surface of the granite and fills the deep basin around a volcanic 
vent. The breccia, since its deposition, has been broken into 
by several eruptions of phonolite and, later still, by a series of 
thin dil^es of basalt and other allied rocks of a highly basic 
composition. 

The successive sedimentary formations which, elsewhere in 
Colorado, lie upon the basal granite, are not represented in the 
district; whatever sediments were laid down before the volcanic 
period must have been removed by erosion, and there is very 
little evidence which afibrds a datum-line whereby the geolog- 
ical age of the volcanic eruptions can be determined. Whit- 

* The mam mining beli; of Ooloiado is 30 or 40 miles to the west, and extends 
through Boulder, Gilpin and Summit counties, into Leadville, and then south- 
westward, through Aspen, into the San Juan region 

t “Geology of the Eosita Hills, Custer County, Colo ,” by Whitman Cross 
Proceedings of the Colorado Scienhjic Society, vol iii , Pait in , p 269, 1890 
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man Cross lias referred tlie breceia’*^ of Cripple Crook to the 
close of the Eocene period or to the early Miocene, f This is 
done by correlating the small deposit of grit which occurs on 
Straub mountain, and is the only sedimentary formation in the 
district, with the lake-heds at Elorissant, 16 miles to the north. 
These celebrated fossil-beds belong to the late Eocene , they 
are largely made np of volcanic dust and are covered by breccia 
similar to that of Cripple Creek. Moreover, they are overlain 
by rhyolite identical in character with that which forms the 
floor of the gravel-deposit on Straub mountain 

The granite which forms the basal rock of the region is 
usually described as Archean. It is probably Algonldaii. It 
is, elsewhere, overlain by Upper Cambrian strata; and it has 
been found to include fragments of quartzite which are be- 
lieved to be of pre-Cambrian or Algonkian ago. Therefore 
the granite is not necessarily Archean, hut, to quote Ur. 
Gross, “ older than the only Cambrian rocks as yet idontiliod 
in Colorado ’bl" 

■Within the Cripple Creek area the granite differs in appear- 
ance from the rock which generally prevails in the Pike’s 
Peak region. It is a well defined reddish biotite (black mica) 
granite, and, instead of the microcliiie (feldspar) which ordi- 
narily characterizes the Pike’s Peak formation, it carries ortho- 
clase in prominent tabular crystals. § The quartz is usually 

* The miners call the bieccia “poiphyiy” This term is deuved fiom the 
Greek word “porphyia,” meaning pnrple It was lust applied to the beautiful 
dark-red rock whicli the Bomans obtained from the quariios of Ghebel Dokhan, 
neai the shores of the Red Sea This original "porphyry ” -vvould now be classed 
as a porphyrile. However, the original name, which depended upon color, has 
long since lost its force in another meaning, which refeis to the stnicture The 
original " porphyry,” accoiding to Zirkel, was speckled with snow-white and 
rose -1 ed crystals of feldspar in a blood-ied ground mass Tlence tlio term liecame 
applied to rocks in which some particular mineral, frequently feldspar oi quailz, 
stands out well defined fiom the general matrix, giving it a spotted look, as for 
example in thefamiliai " bird’s-eve poiphyry ” of the western minei The term 
is often employed as though it covered a paiticular species of rock, wliile in fact 
it is merely a descriptive adjective-noun, covering any kind of ciystaUiue rock 
having a mottled appearance due to the piedominant development of one of its 
constituent mineials in individual crystals 

t " Geology and Mining Industries of the Cripple Cieek Distiict, Colorado,” 
by Whitman Cross and B A, F. Penrose, Ji , Atin. Bep U. S Oeol Sui , 
Part 11 , p. 18, 1895 The water owes a great deal of Ins descriptive geology to 
this valuable monograph 1 Op. ait , p 17. 

I I obtained some fine twin crystals (Cailsbad type), 2|- inches long, from tlie 
top of Bull Hill. 
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iron-stained, and tlie mica shows the commencement of a 
change into green chlorite. The oligoclase, which occurs as a 
subordinate feldspar, shows a ready tendency to decomposition, 
especially near the ore-bodies in the mines. 

Turning to the examination of the breccia,-^ we find that it 
consists of a consolidated mass of fragmentary material having 
a coarseness comparable to gravel. Occasionally the pieces 
are as large as a man’s hand ; but these are rare. More fre- 
quently the breccia is very fine, and then comes under the 
designation of “ tuff.” It is mainly composed of augite-andesite, 
in which smoky-brown prismatic crystals of apatite occur. 
The feldspar is kaolinized, and the dark silicates, such as augite 
or biotite, have undergone destruction by leaching. While the 
mass of this formation is made up of andesite, it exhibits, 
locally, a good deal of fragmental phonolite and granite, the 
latter more particularly in the vicinity of the contact. Fine 
pyrite is distinguishable in most specimens. In the upper 
workings of the mines the kaolinization of the feldspar has 
given the rock a bleached appearance , and at the surface the 
iron oxides, derived from the alterations of the pynte, have 
stained it yellow or red. Fluorite is a frequent constituent, 
wherever the breccia is penetrated by the gold-bearing veins, 
and colors it a dark purple. The finer tuffs are often so silicified 
as to be un distinguishable, except under the microscope, from 
massive rocks. The decomposed breccia also exhibits the 
healing effects due to the infiltration of secondary quartz ; and, 
when it is included within the boundaries of any of the ore- 
deposits, the soluble ingredients have been removed to such an 
extent as to leave often only a pumice-like remnant of inter- 
lacing quartz. 

Penetrating the mass of the breccia and extending into the 
surrounding granite, there is an intricate series of dikes, chiefly 
of phonolite f This is usually a light-colored rock of even 

* “Breccia” and “tiifi” are 1)0111 woids of Italian origin We owe many 
teims describing volcanic materials to the study of Vesuvius “ Breccia” means 
“broken ” It is applied to rocks made up of a consolidation of angular fiag- 
ments “Tuff” is employed both foi a rock built up of fiagmental mateiial of 
smaller size than that composing a “breccia,” and also for the rock resulting from 
the mud caused by the action of water upon volcanic dust In the latter sense, 
the original Italian word “tufa” is made use of by many authoiities 

t “Phonolite” is derived fiom the Greek woids “phone,” sound, and “lithos,” 
stone. The close texture and even grain of the phonohte causes it to give a ring- 
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texture and slierd-like fracture ; but the conditions of its occur- 
rence, in thin and in thick dikes, in almost horizontal sheets, 
and 111 shapeless intrusive cores, are so varied as to have in- 
duced a great many modifications in its physical characteristics. 
The essential constituents are sanidine (the glassy variety of 
orthoclase) and nepheline. The crystals of the latter are occa- 
sionally sufficiently developed to give the rock a porpliyritic 
appearance. Besides the normal phonolite there are allied 
rocks, such as trachytic* phonolite and neplieliiie-syeiiite,t oc- 
curring under various structural conditions There are also 
dikes of andesite,^ similar in character to the earlier rock 
vdiich, in its fragmental form, composes the bulk of the breccia. 
Biiially, crossing these rocks, and therefore last in the sequence 
of eruption, are the dikes of nephelin e-basalt with winch im- 
portant ore-bodies are associated on Raven hill and Battle 
mountain 

The Cripple Creek district represents the grouiid-fioor of a 
volcano, § the superstructure of which has been removed by 
erosion Let us consider what this means. Among the gains 
of modern science there is none more striking than the elucida- 
tion of the causes which bring about the terrifying phenomona 
of volcanic action. A hundred years ago, an active volcano 
excited superstitious fear, and was regarded only as a catas- 
trophic interruption to the order of nature. Since then, the 
patient researches of such men as Spallanzani, Scrope and Judd 
have enabled us to recognize in these activities the orderly 
operations of forces subject to definite laws. 


ing sound wlien struck with a hammer In England it is often called “clink- 
stone ” 

* “Trachyte ” is from the Greek word meaning “ rough ” The rock usually 
has an uneven fracture, due to the angular sanidine and the porosity of the ground- 
mass 

t “Syenite” comes from the Gieek Syene, the town m Egypt now known as 
Assouan It is a curious fact that it has, comparatively lecently, been found that 
the lock at Assouan is not a typical syenite, which is a vaiiety of granite contain- 
ing very little quartz, with hornblende replacing the mica It is really a red 
gianite, very much resembling that of Pike’s Peak The Egyptians quaiiied it 
for their obelisks, and out of it they built the Temple of the Sphinx at Gluseli 

:j; “Andesite” is derived iiom Andes, the mountain lange in South America 
where it is particularly prevalent 

§ The word “volcano ” is Italian It was the name given to one of the Lipari 
Islands in the Mediterranean, wheie quiet eruptive action has been going on since 
the time of tire ancients, who consideied the little mountain-island as the foige of 
the Eoman god Vulcan. 
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The scope of scientific investigation has included not only the 
observation of existing"'' volcanic action, but also the examination 
of the remains of extinct volcanoes The structure of the latter 
has thrown light on the behavior of the former As the story 
of the development of forms of life now extinct, but preserved 
in fossil-beds and recorded for us by the palieontologist, ad- 
vanced our insight into the structure of living things, while 
biology repaid the aid thus received from palseontology by con- 
tributing the clues through which the incomplete evidence of 
the rocks was so correlated as to demonstrate the seq[uence of 
strata, so the study of the volcanoes of to-day led geologists to 
recognize the results of similar action in masses of rock, the 
eruptive origin of which was previously unsuspected, and, in 
turn, the deciphering of the skeletons of extinct volcanoes ad- 
vanced the understanding of those which have survived Nat- 
ural sections gave the requisite testimony. Atmospheric ero- 
sion, acting through vast periods of time, has cut into the 
mass of many of the ancient volcanoes of the earth so as to un- 
cover their anatomy The dissection, by Professor Judd, of 
the old volcano of Mull,t in the Western Isles of Scotland, is 
an excellent example of this method of research. Occasionally 
mine-workings, or excavations made for other purposes, afford 
valuable evidence as to the internal structure of volcanic moun- 
tains. The ITanimerbuhl, in Bohemia, is a curious instance 7 
It is a small hill, apparently of no particular interest, but, 
nevertheless, it was once the subject of a hot scientific discus- 
sion. The poet Goethe took part in the dispute, and persuaded 
a friend. Count Sternberg, to drive a tunnel into the hill with a 
view to settling the question of its origin. The result justified 
Goethe’s claim that it was “a pocket edition of a volcano.” 
It was found that the hill consisted of a mass of volcanic scoria, § 
through the center of which passed a plug of basalt. The plug 
obviously occupied the choked-up vent of the volcano, from 
which proceeded a lava-stream which had flowed over the flank 
of the hill. Pig 1 illustrates this statement 


* There are about 350 active volcanic vents on the suiface of the earth at the 
present time 

t Quait&ly Jownal of the Geologicd Society, vol xxx , p 220, etc 
t See Judd’s “Volcanoes,” pp 112-114 

g “ Scoria ” IS a Latin word, unchanged It is used especially for coarsely ve- 
sicular lava, but often for fragmental lava in general. 
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At Cripple Creek, the mine-workings afford a good deal of 
information concerning the underground structure of the region. 
It is hoped that an inquiry into the history of the volcano 
which determined the interesting character of the district will 
contribute towaids a clearer comprehension of the geology of 
the mines. 

The operations of nature in the past are inferred from the 
observation of those which take place to-day. The intensity may 
vary, the forces are the same This is the corner-stone of 
modern geology as laid down by Lyell. The volcanic complex 
at Cripple Creek is to be understood in the light of the evidence 
gathered for us by the patient investigators who have stood by 
the side of the craters of Stromboli, Yesuvius and Kilauea. 

The conclusions of those who have made a specialty of this 
branch of geology* * * § may be summarized thus : The explosive 
violence of volcanic eruptions is due to the access of water to 
the fused rock within the conduit of the volcano ; but, as it ap- 
pears that this water is not contained within the substancef 
of the lava I emitted during the tranquil emissions succeeding 
the first paroxysmal outburst, it is inferred that the water is not 
the primary cause of volcanic action, which originates at a depth 
greater than that to which it is believed that water can pene- 
trate. The evidence collected is not complete ; but it warrants 
a reasonable conjecture that volcanoes owe their origin to the 
contraction, caused by the cooling, § of the earth’s crust upon a 
yielding substratum, separating the solid outermost shell from 
an equally solid nucleus. || While, therefore, the force which 


* Among the best literatuie on the subject may be mentioned Volcanos by 
Poulett-Sciope, Volcanoes by Judd, and Chaiaciei istics of Volcanoes by Dana. 

f That IS, “occluded ” 

•j Lava IS Italian for “stieam ” It is fiom the same Latin root as lave, lava- 
toiy, etc Although the term is usually applied to the fused material emitted by 
a volcano, it is often employed in referring to the same rock after it has become 
consolidated, especially when the rock has not been specifically classified. 

§ “Secnlai lefiigeiation ” 

II The question of the condition of the earth’s inteiior is too laige foi extended 
reference Besides the standard text-hooks on geology, the leadei will find much 
suggestive matter in Osmond Fistei’s “Physics of the Eaith’s Ciust,” and in 
Prestwich’s “Controverted Questions of Geology ” There is also a summaiy of 
the evidence regarding this subject in the addiess of Sir William Thompson 
(Loid Kelvin) before the meetmg of the British Association in 1876 The gen- 
eral conclusions of science have been lately expressed, in a populai way, by Pro- 
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pushes large quantities of fused rock to the exterior of the earth 
has, probably, a deep-seated origin, nevertheless, the imme- 
diate cause of the uncertainty, the violence and the magnificent 
energy of volcanic action is traceable to the effects produced by 
water coming into contact with the lava as it approaches the 
surface. 

The destructive energy of a volcano may be likened to a 
boiler-explosion , volcanoes may be considered the safety-valves 
of creation. The mass of incandescent rock which is slowly 
being squeezed upward meets a large volume of water which 
flashes into steam with a sudden expansion causing the most 
astounding results. One cubic foot of water yields 1700 cubic 
feet of steam. It is accepted by specialists that, whatever the 
ultimate origin of volcanic action may be, the surface effects 
are due to the explosive escape of accumulations of steam sud- 
denly released from pressure. This explanation is based upon 
accurate observation of the quiet workings of the miniature 
volcanoes of the Lipari Islands, in the Mediterranean, and 
upon the evidence obtained during the more violent, apparently 
paroxysmal, outbursts of Yesuviiis, Etna, Tarawora, Kilauoa 
and Krakatoa. 

The volcanic rocks of the Cripple Creek district have come 
up through the granite. It underlies them all , they rest upon 
it, and can he seen penetrating it in the form of dikes. Pre- 
vious to the first eruj)tioii, the granite must have presented 
a weather-worn surface, such as characterizes the high hills. 
Ever since its first emergence from the ocean this region has 
been undergoing an intermittent elevatory movement, which 
culminated in making theEront range. Erosion had been con- 
tinuous, hut the uplift more than counterbalaiicod such wear- 
ing away ; and the granite hills had been slowly raised far above 
the Cretaceous seas which washed their edges in the era pre- 
ceding that to which the eruption is assigned. The forces 
which had done this work were of the most patient kind , their 


lessor Milne, thus ‘ ‘ The earth, became solid under two influences , it began to 
solidify at the surface by cooling, the ciuat growing thicker and thicker , and it 
began to solidify at the center by pleasure, the core glowing laiger and larger. 
This double phenomenon of solidifying continued until a solid outer shell and a 
solid inner core came close together in what may be called the critical region of 
the earth, the region which feeds lava to volcanoes ” 
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manifestation liad about it nothing of a violent or paroxysmal 
character , time was an essential element of the process 

At the close of the Eocene period this apparent equilibrium 
was disturbed. The foundations of the granite hills trembled. 
Slight tremors were followed by earthquakes, and these were 
the precursors of greater violence. 

Earthquakes usually precede an eruption. In certain vol- 
canic regions, such as the north island of l^ew Zealand and 
Japan, the minor shocks, designated as “tremors,” are of daily 
occurrence. They represent the vibrations set up by the sud- 
den generation of steam from water coming into contact with 
the upwelling lava. It is water-vapor, and not smoke, which 
is emitted by volcanoes.-^ This water is derived from the sur- 
face, having sunk into the soil, permeating the more porous 
sedimentary rocks, lodging in the crevices of unstratified for- 
mations, and becoming stored underground, as mine- explora- 
tions testify. Where the country surrounding the volcanic 
vent has become covered with the products of previous erup- 
tions, the loose character of the soil, resulting from the dis- 
integration of scoriaceous lava, facilitates the descent of the 
rains, and tends to the accumulation of large quantities of 
water. Moreover, the vibrations set up by the superheated 
steam cause fissures which allow distant bodies of water, from 
subterranean reservoirs, fresh-water lakes,! or, if the volcano 
be situated near the coast, the ocean itself, to be let down'l; sud- 
denly into the volcanic vent and into explosive contact with the 
incandescent lava. Humboldt§ found small fishes in the water 

' Volcanoes aie not necessarily mountains The mountain is the result of the 
volcano, and not vice versa It is the accumulation of the material ejected from 
the vent which slowly huilds up the cone Many emissions of lava occur at the 
base of mountain langes and have quietly oveispiead the surface fiom fisaures, 
much as watei rises through cracks in the ice and oveispieads it, when a heavy 
wagon pi esses it down The lava-plains oi the Snake rivei, tiaversing Oiegon 
and IdiUio, afford an example, so does the Deccan (India), ivliere successive, 
nearly horizontal, flows, covering an aiea of 200,000 squaie miles, have leached 
a thickness of 6000 feet 

[■ Lake Rotomahana was drained at the time of the eruption of Taiawera, in 
New Zealand, in 1886 

J Mosely {Notes by a Natwalist on tlie Qhallengei, p 503) mentions that, in 
1877, when on boaid the “Challenger,” he saw the sea-water actually pouring 
down into a Assure formed in the bed of the sea off the Hawaiian coast. The fis- 
sure was traced to the shore and three miles inland This occuirence was con- 
nected with the volcanic activity of Mauna Loa, on the neighboiing island of 
Hawaii § Conti averted Questions of Geology, Prestwich, p 116. 
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emitted from fiRSures caused Iby earthquakes in the Andes. 
Diatoms, the microscopic forms of life characterizing the deep 
sea, have been found in the volcanic ejections of the Pacific 
islands Where volcanoes are in proximity to the ocean it has 
been found that among the emanations from the lava tliorc 
exist, not only chlorides, but also sea-salt itself A sudden 
diminution of the water-supply in wells and springs near 
liTaples has been repeatedly observed to presage the eruption of 
Vesuvius. 

There is therefore ample evidence that water does penetrate 
into the conduit of the volcano, and that it is originally derived 
from the surface As against the contrary belief, namely, that 
the water-vapor accompanying eruptions is an essential con- 
stituent of the lava, and therefore shares with it a deep-seated 
origin, there is the following evidence. It has been found, as 
the result of a large number of accurate observations in wells, 
shafts and bore-holes, that the temperature underground in- 
creases 1° F for every 48 feet of descent.'*' At 7776 foot, the 
boiling-point, and at 84,700 feet, the critical point, 773° F., of 
water, would be reached. The expansive force of steam in- 
creases rapidly with the temperature, so that at 773° F it would 
be equal to the pressure of 350 atmospheres.f This is termed 
the “ critical point,” because, at this temperature, water, how- 
ever great the pressure to which it is subjected, can no longer 
exist as a liquid, but becomes dissociated into its constituent 
gases Although the exact conditions which obtain at those 
great depths cannot be known with certainty, nevertheless, 
all the evidence goes to show that there is a limit set to the 
descent of surface-water by the rapid increase in the expansive 
force of its vapor, due to the rising temperature. Prestwieh {; 
put the maxim limit at 6 to 7 miles, and Delesso§ estimated it 

* “On Undergiound Temperatures,” Sir Joseph Prestwieh. Procerxlmp of the 
Royal Society, Februaiy, 1885. Of course this increment of 1 degree per 48 feet 
can only apply to the outermost portion, of the earth. Beyond a few miles of 
depth there must exist conditions of which very little can bo inferred. There, 
the enoimous pressuie probably counteracts the expansive effects of heightened 
temperature, and upsets many of the conclusions of physics which hold good near 
the suiface 

t Winch, at 15 lbs. pei square inch for each atmosphere, amounts to about 
tons pel square inch 

J Confyoveitcd Questions 0 / Geology, p 93 

§ Bulletin Society Oiol de Ft anas, vol. xix , p 64. 
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at 60,000 feet, or about 11 miles Moreover, experience goes 
to show tliat the water encountered in mines is the drainage 
from the surface Deep mines are usually dry ones, I may in- 
stance the deepest metal-mines, the Calumet-Hecla and Tama- 
rack, in the Lake Superior region, and the “180,” “hTew Ohum- 
Yictoria,” and neighboring shafts, at Bendigo, in Australia. 

The evidence obtainable concerning the first eruption of the 
Cripple Greek volcano is necessarily very meager. The first 
vent must have been formed at some point along one of the 
fractures caused by the earthquake-shocks ; the lava, in forcing 
for itself a way to the surface, being aided by the force of the 
expanding steam The pressure required to break a passage 
through the overlying rocks is stupendous, and, as a conse- 
quence, when the steam accompanying the lava is finally, and 
very suddenly, released from that pressure, on its immediate 
arrival at the surface, it escapes with explosive energy, and with 
projectile discharges which may reach to an astonishing height. 
Thus, when the outburst of Krakatoa, an islafid near Java, oc- 
curred 111 1883, the finer fragments ascended skyward 10 miles, 
and were recognizable* in the atmosphere of London The 
winds carried the dust of Krakatoa round the world, and thus 
gave rise to the extraordinary sunsets observed in the autumn 
following 

The material ejected during the first outburst of a volcano 
consists of fragments of rock torn from the sides of the vent. 
The extinct volcano of the Kammerbuhl, already mentioned in 
this paper, t exhibits jneces of burnt slate within the mass of 
the scoria forming its cone. The underlying formation consists 
of slates and other metamorphic rocks. 

The Cripple Creek volcano first ejected fragments of granite. 
These were probably small in size, and became further re- 
duced by colliding with each other as they were discharged, 
so that they fell to earth in showers of particles like gravel. Of 
this first eruption there is little trace now, unless the grits of 
Straub and G-rouse mountains he the remnants, as is probable, J 


* The wntei, then a student at the Eoval School of Mines, saw this volcanic 
ash under the microscope after it had been collected from the London atmospheie, 
which hardly needed solid contributions from such a distant souice 
t See Fig 1 and tlie coriesponding text 
t This is the opinion of Whitman Cross See page 71, op cit. 
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of the iUhris accumulated at that time. Material resembling 
this must certainly have covered the surface around the vent, 
until the larger portion of it was washed away. The steam 
which, in enormous volumes, accomj)aiiies the first outbursts 
of volcanic action, becomes condensed as soon as it issues into 
the cold air and forms rain-clouds, the downpouring of which 
frequently removes the accumulations formed at the initial stage 
of the volcano The floods which succeed eruptions are due to 
the super-saturation of the atmosphere with the water-vapor 
emitted by the volcano. Such floods are more feared by the 
dwellers around Yesuviiis, for example, than the lava-streams, 
the destructive effects of which are comiiaratively restricted It 
was the formation of a liquid mud, by the action of heavy rains 
on the fine material, called “ tufa,” which buried the city of 
Herculaneum. 

It IS unlikely that suflicient data will ever be forthcoming to 
give an exact presentation of the chief vent of the Cripple 
Creek volcano, iJnless one of the millionaires, enriched by the 
gold he has won from the mines, shall prove as public-spirited as 
Goethe’s friend, and shall undertake the requisite explorations. 
Yet some very interesting evidence on this point is available. 
A miniature venh* ** exists near the town of Victor, and the 
railroad has cut through it, so as to furnish the section of it 
shown ill Fig. 2. As a hand-specimen may exemplify the 
structure of a mountain range, so this small vent typifies many 
of the characteristics of the orifice probably existing lu the 
earlier stages of the Cripple Creek volcano. 

This vent occurs in the massive granite of Squaw mountain, 
about 1700 feet south of the main breccia-formation of Battle 
mountain. In the railroad-cut, where it is to be seen, it has a 
width of 35 feet. It is filled with fragments of granite and the 
gravel derived from the hrecciation of granite. The edges arc 
not particnlarly well-defined, because the face of the enclosing 
rock 18 shattered The most peculiar feature of the section is 
presented by pellets, nodules and rounded fragments of dark- 
red s coriaceous lava, which occur all through the material filling 
the vent. At the edges, rounded inclusionsf of this lava can be 

* "Whitman Cross describes this vent on page 77 of his Cripple Creek report 

t The largest are 1 to 1 J inches in size On microscopic examination Piofessor 
Kemp found it difficult to determine the exact petrographic character of this lava 
“ It shows only alteration products in some paiallel ariangement, hut not in sig- 
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seen in tlie mass of fragmentary granite ; and in the center the 
lava, hy reason of oxidation, forms a red granular matrix, in 
which large pieces of granite are separately discernible. The 



material, especially near the edges, has a laminated structure, 
parallel to the sides of the vent. These laminations vary in 
thickness according to the coarseness of the material. 


nificant condition.” In both of the specimens I sent to him he detected large 
scales of biotite. Having in view this fact, and the character of the material, it 
seems most probable that the lava closely resembles the rock of the basaltic dike 
in which the neighboring Anna Lee ore-chimney was found to occur. 

VOL. xxx.— 24 
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This illustration is of great interest The vent is in granite, 
as was the first vent of the volcano. It is now filled with breccia, 
as, at one time, that was The shattering of the sides is sug- 
gestive of the mode of formation of the breccia, which now fills 
it. Had this vent been further enlarged, and subsequently pene- 
trated by phonolite, not in fragments, forming a breccia, but in 
liquid form, solidifying to a compact mass, it would have pre- 
sented a complete analogy to the Cripple Creek volcano. • 

As another example, but from a diflerent locality, of a 
natural section of a small vent, I would instance that shown in 
Fig 8, which represents a drawing recently made by Sir Archi- 
bald Greikie,*^ while traveling among the Faroe Islands, in the 
Horth Atlantic ocean. The action of the waves has cut down 
the face of the clifi', so as to exhibit its structure very clearly 
The vent occurs in banded lava (A A) and has a diameter of 
about 100 yards. It is filled with agglomerate (B) consisting 
of compacted debris^ in which lie large fragments of slaggy 
lava, the largest being in the center of the former orifice. The 
filling is arranged in distinct layers toward the sides. The top 
of the vent is saucer-shaped, and is covered with three succes- 
sive fiows of basalt (D, G-, E) ; of these, the lowest has merely 
extended over the center of the vent, while the next (D) nearly 
covers it, and the uppermost (G-) lies over the whole of it. 
Above these there are other layers of basalt (E, F) which com- 
pletely bury the orifice. 

After the first outburst, a change took place in the matter 
ejected by the Cripple Creek volcano; there began to appear 
the fragmentary andesite which was destined to be accumulated 
to such an enormous thickness. It may be that flows of ande- 
sitic lava also welled out over the surface at this time. If so, 
they were subsequently eroded. During the long intervals of 
quiet separating one period of eruption from another, the lava 
became cooled, cracked, and then disintegrated by rain and 
frost, so as to be broken up and carried away by the moun- 
tain streams to form a part of the alluvium of the valleys. 
Thus the superficial flows were removed ; but the corresponding 
bodies of lava which consolidated underground, when the ex- 
trusion at the surface had ceased, are now, thanks to that very 

‘‘The Tertiary Basalt-Plateaux of Northwestern Europe ” Quarterly Journal 
Geological Society, vol. lii , p 344 
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erosion, to be seen as bodies of andesite rock in several parts of 
tlie district, notably on the eastern side of Battle mountain and 
near Legal Tender Hill, above Groldfield,'^ 

The fragmentary eruption of andesite continued At this 
time the volcano must have been a splendid sight, especially by 



night. It was so late in geological time that Pike’s Peak was 
already a giant among its fellows, and towered in lonely 
grandeur above the lesser hills where the eruption was taking 

^ As the accompanying geological map (Fig 4 ) of the district illustrates. This 
map IS a reduced copy of the colored map published by the United States Geo- 
logical Survey The ideal section which I have drawn (Fig 5) is taken m an 
east and west line across the southern part of the aiea 
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GEOLOGICAL MAP OF THE CRIPPLE CREEK DISTRICT. 
(Aftei U S Geological Snrvey.) 


place. The shifting lights of the volcano were reflected by the 
snow-fields of the peak. Those lights were due to the glow of 
the incandescent lava in the crater thrown upon the clouds-'' of 


* Professor J udd very aptly likens this effect to that caused when, at night, 
the engineer of a locomotive pulls open his furnace door and permits the light of 
the fire to be thrown upon the stream of vapor issuing from the funnel. 
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watery vapor whicli hovered overhead. To this appearance* 
were added lightning-flashes. The steam issuing through the 



I 

o 

0 


orifice of a volcano is highly charged with electricity, generated 
by its upward rush, and the friction of the colliding particles 


* The old idea of a volcano was a mountain which spouted fire, ashes and 
smoke. The “fire ” is the reflection referred to above ; the “smoke” is vapor ; 
the “ashes ” are lava rendered vesicular or pumice-like by the bubbles of steam 
penetrating fused rock. 


IDEAL SECTION OF THE CRIPPLE CREEK VOLCANO. 



884 


THE CRIPPLE CREEK VOLOAFO 


of solid matter ejected with the steam contributes farther in 
producing a condition of intense electrical excitement. This 
IS relieved by discharges into the surrounding atmosphere. 

The lightning illuminated the surrounding hills and shone 
around Pike’s Peak, the hurtling of the fragments of rock as 
they met in mid-air and the sound of their fall as they rattled 
down the slope of the volcano mingled with the muffled roar 
of escaping steam and the occasional rumbling of the thunder. 

There was none to see it, Man was not yet on earth, though 
the footsteps of his oncoming could almost be heard,'* Of 
animal life no traces have been found in the Cripple Creek 
formation. Bird and beast fled from the terrible sights and 
sounds. But remnants of the vegetation of that time have 
been preserved, and at dep)ths of many hundred feet beneath 
the surface of to-day the miner has encountered the romainst 
of trees, resembling ptines, which were overwhelmed by the 
eruption. 

At this period similar outbursts wore occurring among the 
neighboring hills, for the Cripple Creek volcano was but a 
minor incident among the eruptions which, during the Tertiary 
epoch, spread a vast thickness of breccia and lava over a largo 
portion of southern Colorado. Out of the products of these 
eruptions were sculptured the serrated peaks of the ITncom- 
paghre, the Cochetopa hills, and the rugged ranges of tlic Sau 
Juan 

After the eruption had continued sufficiently long to form a 
vast accumulation of the fragmentary materials, which m pro- 
cess of time became consolidated into breccia, there came a 
period of comparative quiet 

The earliest vestiges of mau belong to the close of the Miocene^poriod. 
t These are various In the Jack Pot mine, at 400 feet from the surface, in the 
Logan at 600 feet, and in the Doctor at 700 feet, theio have been found fragments 
of coal, exhibiting traces of wood-structme In the Independence, at 600 feet, a 
stump of a tree was discovered in the very midst of rich ore In every case the 
enclosing rock was breccia The specimen from the Independence is stono, the 
others are coal In the former case, the tree-portion must have become biuied 
under conditions free from access Of air, and must have been subjected sub- 
sequently to the action of siliceous waters, which gradually replaced the fiber of 
the wood with a mineial precipitate. In the othei cases, the tree must have be- 
come enclosed within the breccia and subjected to a slow oxidizing action which 
carbonized the wood, without permitting it to bum freely Otherwise, it would 
have been destroyed, leaving only ashes As it was, it became coal, carrying 60 
per cent carbon, and having the other characteristics of a typical lignite. 
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The Cripple Creek volcano must have formed a conspicuous 
mountain This is inferred from the nature of the material 
ejected The size and shape of the cones formed by the emis- 
sions of a volcano depend upon the condition in which they 
are emitted Limpid lavas, like those of the Hawaiian vol- 
canoes, form extremely flat cones Manna Loa, for example, 
has a height of 13,676 feet above the sea, with a base of over 
70 miles, the slopes having, according to Dana, an angle of 
4° to 6° only. The great volcanic cones of the Andes are 
made up of a much less liquid lava, and, according to Whym- 
per, have slopes which range from 27° to 37°. Mount Shasta, 
in California, which is built up of similar rocks, stands, accord- 
ing to Whitney, at an angle ranging from 28° to 32°. A cone 
such as that formed around the vent of the Cripple Creek vol- 
cano, which emitted vast quantities of fragmental material 
alternating with occasional lava-flows of the more viscid type, 
would partake of the character of the well-known pflys or peaks 
of Auvergne, which dot the surface of that part of south-central 
France, in shapes resembling a candle-extinguisher. Breccia 
and lava together make steeper cones than lava or breccia 
separately ; therefore the Cripple Creek volcano, when at its 
maximum height, must have appeared as a steep mountain. 

Projectile discharges were succeeded by tranquil emissions 
of lava. The bodies of massive andesite in the southeastern 
part of the district may represent such extrusions. They were 
marked by an absence of the violence which accompanied the 
earlier outbursts, due, perhaps, to a diminution in the quan- 
tity of escaping steam and a lessening of the pressure upon that 
which remained. The earlier ejectamenta of a volcano are 
scoriaceous and vesicular , that is, they have been penetrated and 
torn by the explosive escape of superheated water-vapor, while 
the lava characterizing the later stages of activity is compact 
and homogeneous. The creation of a vent serves as a safety- 
valve in releasing the tremendous pressure of the steam, due to 
its sudden expansion when coming into contact with incandes- 
cent fused rock. Attendant upon the relief given to that pres- 
sure, are all the terrifying phenomena of the first outburst. Sub- 
sequently the force of the eruption diminishes. The lava ceases 
to be violently projected by escaping high-pressure steam. The 
underground waters near the conduit have become used up. 
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The rise of the lava underground, followed by its protrusion at 
the surface, becomes a quiet process, which must he referred to 
a more deep-seated cause, namely, the local readjustment of 
the earth’s crust, causing the fused rock to ooze out slowly 
Many lava streams have a glacier-like movement. They seldom 
progress more than 3 miles per day, and often require a year 
to advance a few miles * Observers have described the flows 
of lava which follow the first eruption as welling out “ with the 
tranquility of a water-spring,” f as “proceeding in silence,” j; 
as “ being effected quietly and without noise.” § All this is in 
vivid contrast to the paroxysmal outburst which marks the first 
stage of volcanic activity. The difference is to be referred to 
the relative quantity of steam taking part in the process of 
eruption. 

The period of quiet may have been, and probably was, suc- 
ceeded by a complete, though temporary, cessation of activity. 
This interval may have persisted for several hundred years. 
G-eology is lavish of time The inaction was due to the diminu- 
tion of pressure consequent on the withdrawal of the lava in 
the conduit of the volcano Such a result would be brought 
about by the shifting of the center of eruption to another place 
along the line of fissure. The island of Vulcano, in the Lipari 
group, affords an excellent example of such a change of vent. 
Among the extinct craters of Auvergne 1| in south-central 
France, similar instances are numerous. (See Fig. 6.) The 
first conduit of the Cripple Creek volcano became plugged up 
by material which had failed of ejection. Other minor vents 
may have been formed on the flanks of the mountain which 
had been slowly formed by the long continuance of discharges. 
When, after an interval, a vigorously active condition ivas re- 
sumed, the second eruption, in all probability, took place 
through a new vent, jiroduced, as the original one had been, 
by a fissuring of the rock immediately over congested masses 
of steam due to the water which had accumulated during the 
interval of inaction. 


* Dana f Scrope. J Fouqug § Ibid 

II The writer cannot claim to have any special knowledge of volcanoes, hut lie 
IS familial with the volcanic region of Auvergne, in south-central France, has 
seen Vesuvius, and has traveled in the volcanic paxts of New Zealand, and also 
in Oahu, one of the Hawaiian Islands 
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There is evidence indicating that the Cripple Creek volcano 
had several vents. One existed near the present site of the 
Hnll City placer ; another must have been situated near Ana- 
conda. The original position of the orifice of an extinct vol- 
cano can be inferred from the composition of the rocks. The 
lava which cools rapidly in the open air assumes the character 
of a glassy substance,* containing only a few embryonic 



PLAN 



{After JMdd.) 


crystals, but that which cools slowly underground, and while 
still subjected to great pressure, is developed into completely 
crystalline rock. Experiments with smelter-slags, and a micro- 
scopic examination of the resulting material, have confirmed 
this proposition. In this way the lava streams which have 
issued from the vent are distinguishable from the material 

* On June 3, 1840, a stream of lava from Kilauea readied the sea, after having 
flowed over the island of Hawaii for a distance of 11 miles. " The burning lava, 
on meeting the waters, was shivered like melted glass into millions of particles, 
which were thrown up in clouds that darkened the sky and fell like a storm of 
hail over the surrounding country.”— Dana, Ghwracteristics of Volcanoes, p. 63. 
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which has solidified in the throat of the volcano The iiephe- 
line-syenite near the Lillie and Yindicator mines is the granular 
equivalent of the phonolite which occurs so plentifully all over 
the district. The phonolite and the syenite have a similar 
chemical composition, hut their texture is very difiereiit. This 
IS due to the fact that in the former a crystalline structure 
has not been fully developed, the ground-mass or matrix, as 
seen under the microscope, being made up of crystallites, 
minute, hair-like bodies without the properties of, but with the 
tendency to become, crystals. This indicates that the rock 
cooled too rapidly to iiermit of proper crystalline growth. The 
nepheline-syemte, on the contrary, is made up entirely ot de- 
veloped minerals, no part of the original ground-mass having 
failed of arrival at true crystalline maturity , so that even the 
slight excess of quartz, though uncomhined, presents a crystal- 
line structure. This indicates that the rock cooled very slowly, 
giving ample time for the full play of the forces winch pro- 
duce crystallization. It is to be inferred that the nephelinc- 
syenite fills an old vent, or is close to it. The same mforenco 
is drawn from tbe patch of syenite-porphyry between Gold lull 
and Squaw gulch. Further evidence suggestive of the former 
existence of a vent thereabouts is afforded by the Hteepuess 
of the plane of contact between the granite and hroccia on 
the adjoining Guyot hill The dissection of extinct volcanoes 
in other parts of the world, a dissection brought about by 
natural erosion, which has cut vallej’-s right into the flanks of 
ancient eruptive centers, furnishes iiiimorous examples con- 
firming such deductions as have just been made with reference 
to the vents of the Cripple Creek volcano. Even in Great 
Britain, which has not known volcanic disturbances during the 
time covered by the brief record of human life, there are abun- 
dant proofs concerning the shifting of vents and the resulting 
relations between perfected and undeveloped rock-typos. 

The occurrence of several vents would not be unusual. Vol- 
canoes are not mere bores through which eruptive discharges 
take place. "Where one single vent survives, it may he con- 
sidered to represent the centralization of energy due to the 
choking-up of many other openings along the line of fissure 
formed at the time of the first manifestation of activity. This 
is well illustrated in the accompanying sketch of Mount Etna, 
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as it appeared in 1865, (See Fig. 7.) The expansive force of 
tlie steam, to which the violence of the initial stages of vol- 
canic action is due, tends to radiate from the central point of 
energy so as to form cracks, the character and extent of which 
will vary according to the structure of the rocks through which 
the shocks are propagated. At certain points along these 
cracks, or at the crossing of two of them, openings are formed, 
permitting eruptive discharge. Those openings which are im- 
mediately above the points of greatest pressure, will survive 
longest ; the others become plugged up with the material they 
are unable to eject. One vent usually remains as the center of 



A Jilonte Frumento, an old Parasitic Cona BB Line of Fissure CCC New Scoria Cones 

DD Lava, from the small Scoria Cones 
FISSURE FORMED ON THE FLANKS OF MT.ETNA IN 1865. 

(After Judd.) 

energy. The others become extinct, until an increase of erup- 
tive activity finds a single conduit insufficient, and thus neces- 
sitates the obtaining of relief at other points. Lava-flows do 
not necessarily take place at the central vent. Many of the 
largest flows known to have occurred among the Hawaiian 
volcanoes, for example, have emanated, not from the crater at 
the top of the mountain, but far down upon its flank. In cer- 
tain instances, as at Kilauea,* the larger number of discharges 
have been subterranean. 

The subterranean discharges of lava are of peculiar interest 


■i* Dana. That of July, 1840, started at a point 16 miles distant from the crater. 
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to the miner, because they are among the factors which he has 
found hy experience to influence the distribution of the ores 
which he seeks. They are to be seen both in natural sections, 
afforded by ravines, and in those other sections of the rocks 
which are presented underground in the mines. The accom- 
panying drawing,* after Fouqu^ (see Fig. 8), of a natural sec- 
tion seen on the slope of the old volcano of Santorm, will be 
suggestive. These intrusions take a variety of forms. Such 
as seek out the lines of weakness presented by the bedding- 
planes of sedimentary rocks, or the lines of successive deposi- 



Dytos Scoi'la and Ash 


tion of fragmentary volcanics, form sheets. In England, such 
an intrusive sheet is termed a “sill.” An instance is illustrated 
in the accompanying section, obtained in the western islands of 
Scotland by Sir Archibald G-eikie.f (See Eig. 9.) The intru- 
sive masses of porphyry (quartz-felsite) which, at Leadvillc, 
penetrate the sedimentaries, afford an example which is of 
peculiar interest on account of the remarkable ore-deposits 
found at the contact of the porphyry with the Carboniferous 
limestone. 

* From /San(oi in et ses A uptmis. 

t “ The Tertiaiy Basalt-Plateaux of Northwestern Europe ” — Quarterly Journal 
Geol 8oc , vol hr , p 377 
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Those subterranean flows of lava which do not find a ready 
passage, either in a lateral or a vertical direction, tend, when 
thus impeded, to congest locally, so as to form huge under- 



ground blisters which are sometimes large enough to arch the 
overlying strata into dome-shaped hills. Such “ laccohtes,”* 
as they are termed, were first recognized as a type hy G-. K. 


' From the Greek laklos, cistern, and hthos, stone Laccolith would be a better 


rm 
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Gilbert * Since then, WhitnLaii Orossf has described similar 
occurrences in southwestern Colorado. The accompanying 
drawing (Fig 10) represents his ideal section of one of these 
enormous cores of what was once fused rock. In this particular 
section, of Mount Marcellina, it is evident that the poiiihyritc 
has arched the overlying coal-bearing strata to the point of rup- 
ture, a line of fracture being indicated to the right of 1lic 
laccolite. 

Sueh intrusive masses as have been dcscrihed arc encoun- 
tered hy the miner with much less frequency than the dikes, 
which are approximately vertical sheets of igneous rock, evi- 


Fig 10 



{Aitei W Cross) 

dently filling cracks which usnally extend to a depth greater 
than any existing miiie-worlangs. In underground explora- 
tions we sometimes come across dikes which have failed to 
reach the surface ; and, more rarely, it has been found that the 
lower end of one of these vem-like bodies merges into the very 
heart of a large mass of similar rock. It is inferred that every 
di|ke emanates from some central core, because a purely local 
or([gin is not conceivable , the conditions which induce liqiiefac- 
tioip and those which compel the upthrust of the fused rock 
are alike referable to factors created by the forces at work 

"Kepoit on tlie Geology of the Henry Mountains,” 1877 
t “ The Laccohtic Mountain Groups of Colorado, Utah and Arizona,’' lAth 
Annual Report U. JS, Geol Survei/, Part ii , pp 165-241 
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witliin large masses of rock. The water coming up through 
a crack ni the ice is referred to the body of it beneath that ice. 
The fused rock rises in the fractures caused by earth-move- 
ments much as the water fills the cracks in the ice ; that is, no 
gaping crevasse is necessarily formed, but the lava rises and 
occupies the fracture as it is formed , it follows it, it does not 
make it, although the movement which makes the crack and 
the pressure which squeezes the lava into it may both be trace- 
able, far back, to a common caiise. 

The behavior of dikes often aftbrds striking evidence of their 
adaptability to the structure of the rocks they traverse. They 
seek out linos of least resistance, and thus frequently make 
evident structural features which otherwise would have been 
merely latent. The accompanying drawing (Fig. 11) illus- 
trates this. It represents a flat surface of granite (in West 
Australia) traversed by a dike of dolerite, which has evidently 
utilized for its passage the lines of fracture produced along a 
shear-zone in the granite The very low conductivity of lavas 
(as of smelter-slag) may explain their ability to pass through 
rock-fractures for great distances. The edges of a dike would 
cool instantly, but in so doing would afford a protection to the 
central portion, the liquidity of which would thus tend to be 
maintained. 

The bulk of the material thrown up by the Cripple Creek 
volcano was fragmentary, and became the great mass of 
breccia now constituting the leading geological feature of the 
district. The earliest lavas extruded were of medium fusi- 
bility namely, andesite, and then phonolite. On reaching 
the surface, they formed streams, the exterior of which became 
promptly chilled to a black-looking slag, to which escaping 
steam gave a cindery structure. The lava rolled down the 
slope of the volcano with the utmost slowness, maldng clinking 
sounds such as are heard when the workmen empty the slag- 
pots over the dump of a smelter. Such lava-streams weather 
very easily ; their exterior, by the contraction of the surface due 
to cooling, becomes porous, and water penetrates into the mass 
of them, disintegrating them so that they are readily carried 
away by the rains of spring. 

The last extrusions of the Cripple Creek volcano were of 
basalt. These were more limpid, and must have formed 
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streams which traveled much farther than the less fusible 
phonohte and andesite. The basalt, judging from the be- 
havior of Bimiliar lava-flows actually observed in the Hawaiian 
Islands and elsewhere, would progress rapidly down the slopes 
of the mountain and overwhelm the forests which, probably, 
clothed the lower portions of the Cripple Creek volcano, setting 
them on fire and adding greatly to the aspects of destruction 
presented by the scene. Upon cooling, these basaltic flows 
would be cleft asunder by symmetrical series of cracks forming 
prismatic columns grouped like the pillars of a G-othic cathedral. 
But where they were not protected by a later covering of rock, 
the ruthless hand of decay attacked them also, the frost of 
many thousand years shivered the straight columns ; and the 
freshets of spring swept the remnants into the torrents which 
fed the Arkansas river. 

The successive periods of activity in the life of the Cripple 
Creek volcano are marked by the sequence of lavas extruded 
This sequence is indicated by structural relations, the older ex- 
trusions being penetrated by the younger But this is not all 
The crystalline structure and the chemical composition of the 
rocks resulting from the cooling and consolidating of the 
successive lavas exhibit differences which have been found to be 
closely analogous to those presented by similar successions of 
rock at other volcanic centers, both in the United States and in 
Europe The earliest lava extruded by the Cripple Creek vol- 
cano was andesite. Then came the phoiiolite, and, lastly, the 
basalt. These three rocks represent types which vary in their 
chemical composition and in their consequent fusibility. Basalt 
fuses at about 2250° F. ; certain varieties fuse at about 2000° 
F. "What is usually termed a “ white heat ” is equivalent to a 
temperature of 2100° F*^. The least fusible rocks are of the 
granite and trachyte class; they fuse with difficulty at about 
2700° F. To the intermediate type belong the andesites, which 
fuse at about 2520° F.f The relative fusibility of these rocks 
is dependent upon the fusibility of their chief constituent, feld- 

* According to tlie Latest determinations by Henry M Howe According to 
Pouillet’s experiments, gold melts at 2192° and silver at 1832° F See Eng and 
Mm Journal, Jan 20, 1900, p 75 

t These are the temperatiiies deiived from the experiments of Carl Baius 
See Dana’s Manual of Geology, 4th edit , p 273, 1895. 

TOL XXX. — 25 
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spar, the variety in the hasalts being labradorite, the most fusi- 
ble of the feldspars. Moreover, in basalt there is present a 
good deal of augite, a still more fusible mineral, and a large 
percentage of iron which, as in smelter-slags, contributes di- 
rectly to fusibility. The trachytes are largely made up of 
orthoclase, the least fusible of tire feldspars. The andesites 
are intermediate in composition and of medium fusibility, their 
characteristic feldspar being oligoelase. 

This fusibility used to be expressed in terms of “ acid ” and 
“ basic character,” the rocks high in silica and low in iron being 
at one extreme, and those low in silica and high in iron at the 
other. But Dana has pointed out that this does not express it 
correctly, fusibility being dependent not so much on the per- 
centage of silica as upon the amount of alkali, namely, potash 
and 8 oda.t Thus the rocks rich in alkaline feldspars arc the 
most fusible. Dree quartz exists in most rocks ; and the percent- 
age of it, which is far from uniform among the members of 
any particular type, increases the acid character of the rock, so 
that it becomes a secondary factor in determining fusibility. 
Similarly iron occurs as an oxide (magnetite) in all rocks, to an 
insignifLcant degree in the granites, but in the basalts and gab- 
bros freely, so as to form an important ingredient, giving them 
their dark coloring. This large percentage of iron contributes 
to easy fusibility; indeed, certain basalts are known to become 
so limpid that they can be taken up in a spoon attached to the 
end of a eane.| 

This question of fusibility would be of slight importance 
were it not for one interesting fact, namely : it has been ob- 
served 111 several volcanic regions that lava of intermediate 
composition, such as andesite, is succeeded by those of the 
extreme types, namely, the very alkaline or comparatively non- 
alkaline rocks, such as basalt and rhyolite, respectively. This 
was the case at the Cripple Creek volcano. It has been in- 
ferred from these facts that in the earlier stages of volcanic 
activity the lavas are mingled together underground, and tliat 
during the period of eruption the heavier portion separates 


^ Dana, Manual of Minei ahgy and JPetrog7 aphy, p 436 
t Dana, Characteristics of Volcanoes, p. 146, 

t This iras actually done in the case of the basaltic lava of Kilauea, in Hawaii, 
Goan Amei ican J ournaZ of Science 
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from the lighter, causing two diverse iiroducts to be separately 
emitted 

Eventually (it may have been several thousand years after 
the first manifestation of activity) the volcanic energies became 
weaned, and lava ceased to appear at the surface. The re- 
adjustment of the earth’s crust, at this particular localitj’, had 
been accomplished, and a condition of equilibrium supervened. 
The lava sank beneath the level of the crater, and, on cooling, 
plugged up the conduit, as was the case, for instance, at the 
Kammcrbuhl * The sinking of the lava may have gone further, 
so that the withdrawal from the upper part of the mountain, 
formed by the ejections of the volcano, may have caused ex- 
tensive subsidence and created deep fissures. Such was the 
case at Kilauea in 1832 and ISdO.f Those who are engaged 
in mining at Cripple Creek are awmre of the existence of 
numerous large cavities underground, particularly in the south- 
ern part of Bull hill and the northwestern portion of Battle 
mountain In the Logan mine the orifice of a very large 
cavity was recently encountered while sinking the shaft. | The 
sudden flows of water which have embarrassed some of the 
mines are due to the unexpected drainage of such openings 
It is worthy of note that these especially characterize the 
trachyte-phonolitc and those rock-masses which represent the 
lavas extruded last. 

After the volcanic energies had declined, there followed a 
long period of smothered activity, evidenced by geysers and hot 
springs. Steam continued to escape, but gently. There was 
none of the violence of the earlier period. Heated water ac- 
companied the steam, instead of fused rock. The hot lava still 
existing at greater depth served to give expansive force to the 
surface waters which found their way, by seepage, through 
the overlying deposits of volcanic material. The steam and hot 
water now emitted, at some spots quietly as a thermal spring 
and elsewhere intermittently as a geyser, § probably earned a 

't' Judd’s Volcanoes, p 114. See also ante, pp 371, 372 

f Dana’s Ghai actei istics of Volcanoes, p 124 

t The miners heaid the inrush of au* caused when they tapped the cavity and 
promptly left their work, to go to the surface It is probable tha,t the pumping 
opeiations of the neighboring Portland mine had drained the watei, which at one 
time had filled the cavity, leaving it void. 

I Geyser is an Icelandic word, and means “gusher ” A theimal spring which 
spouts or gushes out above the surface is a geyser 



THE CRIPPLE CREEK VOLCANO. 


good deal of mineral matter in 'solution A wonderful work is 
accomplislied in this quiet way, because such activities extend 
over enormous periods of time. Professor Judd has shown 
that the hot spring at Bath (England), although an apparently 
unimportant geological agent, brings daily to the surface 
180,000 gallons of water at a constant temperature of 120° E. 
This spring was doing its duty at the time of the Eoman in- 
vasion of England, and it is estimated that since that time it has 
brought up, in solution, enough material to form a good sized 
volcanic cone * 

The Cripple Creek district exhibits abundant evidence of 
hydrothermal action. This is particularly the case in the 
northwestern part of the mining area. The breccia of the 
upper parts of Globe and Ironclad hills, penetrated by the 
workings of the Peerhorn, Summit, South Park, Plymouth 
Pock and other mines, is much decomposed, and has a loose, 
crumbly character. It is seamed to an nnusnal degree with 
irregular fractures, lined with secondary minerals, among 
which crystalline gypsum and amorphous kaolin are the most 
common. In the Peerhorn shaft there is evidence of a more 
definite kind. At a depth of 240 feet the shaft cuts into a 
mass of gypsum, and from that point to the bottom, 575 feet 
below the surface, it has been sunk in the midst of what 
appears to be a series of extinct thermal springs. The accom- 
panying drawing, Fig. 12, will illustrate the occurrence 

The workings are very extensive in a direction at right- 
angles to the plane of the section followed by the illustration, 
and connect with the adjoining mines. Breccia and tufi' coin- 
|)ose the prevailing rock f FTo distinct dikes are visible near 
the Peerhorn shaft; it is probable, judging from the com- 
position of the breccia at several points, that several intru- 
sions do exist, blit that they have been so shattered in place as 
to be scarcely distinguishable from the original breccia winch 
surrounds them. At the third level, and at the BuccGcdiiig 
levels, there are three distinct narrow-pointed cones of eom- 


Page 219 of Volcanoes 

f Tlie breccia was found by Professor Kemp to contain undoubted fragments 
of kaolinized granite, decomposed orthoclase being easily recognizable. The 
breccia of Cripple Creek, although fragmentary andesite predominates, every- 
where exhibits a scatteiingof granite particles, which in places become so numer- 
ous as to give it a truly granitic character. 
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AN EXT/NCT THEBWAL SPRING, CRJPPLE CREEK. 

pact white gypsum which, at 15 to 25 feet from their apex, 
graduate into chironey-like masses of breccia cemented by 
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crystalline gypsum. At the sixth level there is a fourth of 
these occurrenees. Others, which do not happen to have been 
intercepted hy the workings of the mine, may exist in the 
vicinity. 

Iron pyrites is found in the gypsum ; it occurs as a scattering 
of coarse crystals in the upper portion, and finely disseminated 
lower down. The white gypsum carries patches which are 
stained pink by fluorite. The surrounding breccia is every- 
where traversed by color-bands due to layers of gypsum, man- 
ganese oxides, and iron ocher. Scattered through the vicinity, 
but parallel to the group of columns above described, there are 
patches, as well as seams, of fluorite sand, consisting of parti- 
cles of crystalline silica stained purple by admixture with fluor- 
spar. The upper levels also show bands of a white unctuous 
clay, named “ Chinese talc by the miners. This is pure kao- 
lin,* derived from the decomposition of the feldspar in the 
andesite fragments composing the bulk of the breccia Tho 
latter is in a crumbly condition, its character being suggested 
by the fact that in driving the levels only a pick is nooded, tho 
ground requiring no blasting Beyond the central portion, 
which has structural lines sympathetic to the arrangement of 
the columns of gypsum, the breccia is still stained and dis- 
integrated for a great distance, and in places exhibits sug- 
gestions of the neighborhood of other thermal conduits 

There can be no doubt as to the nature of these masses of 
gypsum. Thermal springs which have become extinguished 
are marked by just such accumulations of lime, although the 
carbonate is, under such circumstances, more common than tho 
sulphate.! The flows of hot water encountered in tho deep 

* The following IS Dr. Hillehiand’s analysis, made by liim for Prof. Penrose. 
See page 128 of the Beport on ‘ ‘ The Geology and Mining Industries of the Cripple 
Cieek District,” U S. Geological Survey, 16ih Am i2ep , Pait ii 
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workings of tire Comstock carried a notable percentage of gyp- 
sum, Last April, while examining certain copper-mines near 
Hawthorne, in Hcvacla, the writer came across a group of sim- 
ilar vents, marking the site of former thermal springs. The 
conduits, in this case, occurred in lime-shales, and were still 
open to a considerable depth, as was proved by dropping stones 
into them. They were surrounded by a compact chimney of 
carbonate of lime, which had also overspread the enclosing 
rock. 

Eeciirring to the conditions observed in the Heerhorn shaft, 
it would seem that the rising hot waters, in their approach to 
the surface, were unable to maintain a defined channel through 
the breccia higher than the level marked by the tops of the 
cones of gypsum. This might be caused, first, by the fact that 
the vapors ascending above the subterranean springs disinte- 
grated the breccia so as to destroy its cohesion, and changed it 
from a compact rock to loose material. The most potent factor, 
however, was probably the diffusion of the ascending waters 
into the drainage of the surface, the effect of which would be 
encountered at this horizon. The condition of the breccia and 
the wide area which has undergone disintegration favor this 
view. • 

It is in accord with facts observed in other regions that the 
vents which permitted the emission of lava-fiows should be in 
one part of the volcanic area (in this case the southern portion) 
while the escape of hot waters which marked the time when 
the volcanic energies were waning should have occurred in 
another part, in this case the northern and northeastern. 
The lava had healed lines of weakness , it had cemented the 
fractures produced by the earlier paroxysmal efforts of the vol- 
cano , and therefore the thermal waters found a better chance of 
exit elsewhere. With the hot waters which found their way to 
the surface during the closing period of the volcanic cycle there 
were emanations of gas. Sulphuretted hydrogen was probably 
emitted, sulphurous acid gas, and, in all likelihood, carbonic 
acid gas also, although not all of these were to be found at one 
place or at one time. The volcano had now reached the “ sol- 
fatara ” stage.* These acid gases played an important part in 

i “Solfatara” is from the Italian ‘‘solfo,” meaning sulphur It is a name 
given to one of the small volcanoes, near Naples, which is in a condition such 
as maiks the dying out of volcanic activity. 
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altering the volcanic rocks, and were, possibly, a factor in the 
process of ore-deposition wliicli was beginning. The vapor of 
hydrofluoric acid was also among the agencies at work. ^ Tins 
IS inferred from the large amount of fluorite, the fluoride of 
calcium, which occurs all over the district, and more especially 
in the gold-bearing lodes Fluorite is not common in volcanic 
regions, although it is found in the lava of V esuvius. The 
action of hydrofluoric acid on feldspars containing hmo would 
form fluorite. It would also convert gypsum in a similar way. 
Fouqiie has shown that the action of hydrofluoric acid iii the 
liquid state is to decompose, first, uncrystallinc silicates or 
glasses, then feldspar and other acid silicates, then quartz, and 
lastly, basic silicates. Whether the vapor of hydrofluoric acid 
would act in the same way is uncertain, although it is possible 
that 111 this case quartz might he attacked in preference to the 
feldspar. This is a matter of interest, because in examining 
specimens of granite wfliicli have been converted into ore (by 
the addition of gold-bearing tellurides) it is observable that the 
original quartz of the granite has been attacked while the 
orthoelase remains comparatively fresh. 

This l?^st stage of the Cnpqfle Creek volcano is of groat 
importance to the mining geology of the region. It extended 
over an enormous period, coinciding, roughly speaking, with 
that which has elapsed since the time to which is ascribed the 
first evidence of the existeiice of the human germs, and it 
afforded, to an unusual degree, those particular conditions which 
are considered to favor the deposition of precious ores. During 
this time, also, the breccia, with its finer portions, the tuff, 
became solidified. The pressure of the overlying masses of 
lava which at one time covered it, and the chemical solutions, 
which deposited fresh crystalline substances in the interspaces, 
converted the seoriaceous material into a compact mass, 
which eventually became solid rock as we now see it. The 
cooling of the intrusive bodies of lava caused them to contract, 
and thus developed lines of weakness along which the ener- 
gies of the volcanic center developed fractures permitting the 
subsequent prolonged circulation of underground waters. The 
readjustment of this particular portion of the earth^s exterior, 
which followed the cessation of volcanic eruptions, and the 
partial settling of the entire mass forming the Cripple Creek 
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volcano, must liave formed an extensive system of ruptures, 
whicli afforded lines of maximum porosity along wliicli the 
gold-bearing solutions found passage-ways. Thus the hot 
waters which are supposed to dissolve out the metals from the 
deep-seated rocks were permitted to ascend toward the surface, 
■where tlie release from pressure and the lowering of tempera- 
ture forced them to precipitate their contents. 

The activity of the geysers ceased ; the warmth of the water 
bubbling from the springs gradually diminished ; and at length 
the last vestige of the volcanic fires passed away. The moun- 
tain became as cold as the snow which mantled it each winter, 
and as still as the darkness enshrouding it nightly. 


Geological Relations of the Iron-Ores in the Cartersville 
District, Georgia. 

BY 0 WILLAED HAYES, XT S. GEOLOGICAL SURVEY ^ 

(Washington Meeting, February, 1900 ) 

One of the most productive iron-ore districts of the southern 
Appalachians lies in the vicinity of Cartersville, in northwestern 
Georgia, where the ore-deposits are so directly related to the 
stratigraphic and structural features of the region that a de- 
scription of its geology possesses economic as well as scientific 
interest. 

Stratigraphy . — The area shown on the accompanying map, 
Fig. 1, occupies the southeastern iiortion of Bartow county, 
Georgia, It is about equally divided between the older crys- 
talline and metamorphic rocks which occupy the Piedmont 
plateau and Appalachian mountains on the east, and the Paleo- 
zoic formations which occupy the Appalachian valley on the 
west. The line separating these two groups of formations 
enters the mapped area near the northeastern corner, and, pur- 
suing a somewhat irregular diagonal course, leaves it, as shown 
on the map, near the southwestern corner. This line marks 


* Presented by permission of the Directoi of the TJ S. Geological Survey 
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the position of the Oartersville fault, the most important struc- 
tural feature of the region, and one which will be more lully 
described in a later part of this paper. 

The formations of the valley-belt, to the west of the Carters- 
ville fault, are, in ascending order, as may be seen m Fig. 1, 
and in the sections given in Fig 2, the Weisner quartzite, the 
Beaver limestone, the Rome and Conasaiiga shale, and the 
Knox dolomite. All, except the latter, belong to tlic middle 
and lower Cambrian ; and the lower portion of the Knox dolo- 
mite should probably also be classed with the Cambrian. The 
principal outcrop of the Weisner quartzite forms a nearly con- 
tinuous hand, 15 miles in length, and generally from 1 to 3 
miles 111 width, which occupies the central portion of the area 
mapped. The formation is in contact on the east with the Car- 
tersville fault, and its base is nowhere shown. It consists 
chiefly of fine-grained vitreous quartzite, although it also con- 
tains some beds of fine conglomerate, and, probably, consider- 
able beds of siliceous shales. The latter, however, are usually 
concealed by the abundant debris from the quartzite beds, which 
tend to break up into angular fragments when exposed to 
atmospheric conditions. Two subordinate outcroi)s of the 
quartzite occur near the western margin of the mapped area, 
being brought to the surface by small faults. The tlnckness of 
the formation is probably 2000 or 3000 feet, and may be con- 
siderably more , but it cannot be determined, because of the 
intense folding which its beds have undergone, and the absence 
of satisfactory exposures. 

West of the quartzite is a narrow belt of deep red soil, 
usually forming a level valley. This is underlain by the 
Beaver limestone, a formation which rarely appears at the sur- 
face, its outcrops being almost everywhere covered with a deep 
mantle of red clay, in which occasional masses of vesicular 
chert are embedded, along with much angular quartzite, de- 
rived from the adjacent quartzite ridges. A few natural ex- 
posures of this formation which have been observed, together 
with the results of drilling, indicate that it is a grey crystalline 
dolomitic limestone, becoming shaly in places, and containing 
occasional masses of chert. It is much more readily soluble 
than the purer blue limestones ; and its impurities form an 
abundant residual mantle. In addition to the main belt which 
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it forms along the western base of the quartzite ridges, it un- 
derlies a broad level valley near the western margin of the 
mapped area, extending southward from Q-rassdale to the line 
of the Atlantic and Western railroad. The thickness of the 
Beaver limestone has not been accurately determined; but it is 
probably between 800 and 1200 feet. With these two for- 
mations, the Weisner quartzite and the Beaver limestone, a 
majority of the ore-deposits in this region are associated. 

Overlying the Beaver limestone is a very great thickness of 
shales, constituting the Rome and Oonasauga formations ; and 
above the shales is the Knox dolomite. The latter is a mas- 
sive formation from 3000 to 6000 feet in thickness, composed 
of grey crystalline dolomite, with an abundance of chert. In 
adjacent regions, it is intimately associated with extensive de- 
posits of iron-ore; but it is unimportant in the present con- 
nection. 

The rocks on the opposite side of the Oartersville fault, occu- 
pying the eastern half of the mapped area, present considerable 
variety in composition and age A large area, extending from 
Stamp creek southward, across Etowah river, to the Atlantic 
and Western railroad, is occupied by the Corbin granite, which 
is, for the most part, a massive coarse-grained rock, containing 
large porphyntic crystals of feldspar (mieroclino) in a ground- 
mass of plagioclase feldspar, muscovite-mica, and blue quartz. 
Some portions of the rock have undergone considerahlo altera- 
tion, being converted into an augen-gneiss. This area of Cor- 
bin granite at one time probably formed an island, since it 
is surrounded, in part at least, by rocks derived from its waste. 
These are feldspathic conglomerates, in which the blue quartz 
and the porphyritic crystals of microcline, which cliaractcrizo 
the granite, can be readily distinguished In some places tlie 
transition from granite to conglomerate is so gradual that it is 
difficult to determine the exact boundary between the two for- 
mations. The development of the gneissoid structure in the 
granite evidently took place after it was deeply buried by sedi- 
ments ; for tbe alteration of the latter is even more marked 
than that of the granite itself. Wherever the granite is not 
bordered by coarse conglomerate or quartzite, it is in contact 
with black graphitic slates, which generally overlie the coarser 
sediments. 




SECTIONS ON LINES INDICATED IN FIG 1, SHOWING GEOLOGIC STRUCTURE OF THE CARTERSVILLE DISTRICT., 
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These conglomerates and slates associated with the granite 
belong to the Ocoee series, which reaches its greatest develop- 
ment in eastern Tennessee and western iSTorth Carolina. Ko 
fossils have yet been found in the rocks of this series, although 
many of them are only slightly altered, and fossils would iin- 
doLibtedly have remained if they had ever been present in the 
rocks. They comprise limestones and slates similar to por- 
tions of the adjacent valley-formations; but the latter are 
always found to contain more or less abundant traces of life. 
In the absence of fossil evidence, and because the rocks of this 
series have every appearance of extreme age, they have been 
correlated with the Algoiikian. 

The rocks of the Ocoee series generally show an increasing 
degree of metamorphism toward the southeast; and within a 
few miles of this region they pass into schists and gneisses, the 
original form of which, whether igneous or seclimontary, can- 
not be readily determined. This increased metamorphisra to- 
ward the southeast is due in part to the greater compression 
which that region has suffered, and in part to the presence of 
considerable bodies of various igneous rocks which have heen 
intruded into the sedimentary beds. These intrusive rocks 
present considerable variety in composition, varying from ex- 
tremely basic diabase to acid granites. The most eoniinon 
variety is a diorite, which was among the earlier intrusions, 
and has heen snbseq^iiently converted for the most pari into 
amphibolite-sehist. Two belts of this basic schist are shown 
passing across the southeastern corner of the mapi)ad area. 
The extreme southeastern corner of the mapped area is occu- 
pied by the Acworth gneiss, which, like the Corbin granite, is 
probably Archean in age, and formed the foundation on which 
the oldest sediments of the region were deposited. 

Structure . — In common with other portions of the Bonthern 
Appalachian region, the Cartersville district has been subjected 
to intense compression in a northwest-southeast direction. 
From evidence obtained in adjoining regions, it appears prob- 
able that this compression, and the subsequent folding, began 
in early Paleozoic time, and continued at intervals up to its 
eulmination at the close of the Carboniferous. It resulted in 
the formation of folds and faults in the valley-rocks, and in the 
development of a slaty cleavage or schistose structure in the 
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older rocks to tlie east, wkile the latter were thrust upward and 
westward relatively to the former, producing the great Carters- 
ville fault. The region west of the mapped area is occupied by 
a broad, gentle syncline of Ejiox dolomite. This massive for- 
mation appears to have resisted folding, and to have transmitted 
the thrust in such a manner that, while its own beds retained 
very nearly their original horizontal position, the beds coming 
to the surface in narrow belts on either side were intensely 
folded. Thus the shales which occupy the western portion of 
the mapiied area are highly contorted, and are doubtless inter- 
sected by numerous small faults. Also, considerable slaty 
cleavage has been developed in them. The Weisner quartzite 
likewise resisted folding to some extent, although its beds were 
thrown into the form of an anticline with numerous irregular 
minor folds. The irregularity of the anticline is shown by the 
character of the line which marks its contact with the over- 
lying limestones to the west. In addition to the folding which 
the quartzite has undergone, it is doubtless intersected by 
numerous faults, the evidence of which is seen in its crushed 
and breeciated condition at many points. Owing to the 
character of the outcrops, however, these faults generally can- 
not be located or traced. 

The folding referred to brought about certain mechanical 
and chemical conditions favorable for the deposition of mineral 
deposits, and hence has an important bearing on the economic 
geology of the district. It is frequently observed that the 
originally compact vitreous quartzite is converted into a rock 
somewhat resembling jasper. Chert from the overlying lime- 
stone, under similar conditions, is altered in the same manner ; 
and it is often impossible to distinguish between the final prod- 
ucts of th e alteration of rocks originally wholly unlike. Portions 
of the quartzite have been converted into a spongy rock con- 
taining innumerable fine cavities lined with small quartz crys- 
tals and stained with yellow ocher. This form of alteration is 
probably due to the circulation through the rock of thermal 
waters, by which the quartz was taken into solution and in part 
redeposited, along with more or less iron oxide. 

The line marking the Oartersville fault departs in this region 
from its rather regular course across northwestern Georgia, 
making a distinct embayment to the eastward in passing 
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around tlie "belt of lower Cambrian quartzite and limestone. 
On either side of this region the fault brings the soft slates of 
the Ocoee series in contact with Cambrian shales of a sim- 
ilar character. The actual plane of contact between the forma- 
tions on opposite sides has been observed at many points The 
older rocks above always have a well-developed slaty or schis- 
tose structure, and are but little more altered immediately at 
the fault than elsewhere. The underlying rocks, on the other 
hand, are much more intensely folded and brecciaied immedi- 
ately at the fault than a few feet distant. The fault-plane 
itself is usually marked by a bed of breccia, a few inches or 
feet in thickness, and made up of the comminuted fragments 
of the formations on either side. This fault-plane dips to the 
eastward, usually at angles varying between 6® and 20°, and is 
parallel, in a general way, with the cleavage and bedding of 
the rocks on either side. 

The Weisner quartzite varies greatly in thickness within a 
short distance. It has the appearance of a delta-formation 
rather than an evenly distributed littoral or marine deposit. 
North and south of its present outcrops in this region, it 
probably becomes very much thinner ; and its local thickening 
has doubtless influenced the structure in this region Another 
factor which has been important in producing this peculiar 
structure is the presence of the great mass of granite to the 
east of the fault. This is the only point at which massive rocks 
of this character approach so near to the fault-line. They are 
usually separated from the western margin of the metamorphic 
rocks by a belt, several miles in width, of readily-yielding 
slates and schists. It is evident that the conditions for the 
formation of a thrust-fault of great lateral extent are much 
more favorable in bedded sedimentary rocks than in the mas- 
sive igneous rocks, such as the Corbin granite. The latter ap- 
pears to have acted like an immovable buttress against which 
the rocks from the west were thrust. It will readily be under- 
stood that, on account of these massive quartzites on tlio west, 
and the still more massive igneous rocks on the east, this por- 
tion of the Cartersville fault differs materially from that to the 
north and south ; and further, the reasons will be seen for the 
very considerable alteration, both physical and chemical, in the 
vallcy-roeks adjacent to the fault. 
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Classtjieaiion of the Soiithem A])'palacluan Iron-Ores . — The iron- 
ores of the Southern Appalachian region fall naturally into five 
distinct groups, as follows (1) magnetite, (2) specular hema- 
tite, (3) red hematite or fossil-ore, (4) carbonate or black-band 
ore, and (5) brown hematite or limonite. Only two of these 
groups occur in the Cartersville district, namely, the specular 
hematite and the brown hematite or limonite , and of these, the 
latter is much the more important 

Specular Hematite — This variety of ore occurs at two points in 
the district in sufficient abundance to be mined with profit. 
One is about 2 miles southeast of Warford, and the other 
between Emerson and the Etowah river. The ore occurs 
at both localities as a band in the quartzite , and both the ore 
and the inclosing quartzite have a strongly developed schistose 
structure The ore passes into the quartzite by a gradual 
transition, and only the richest parts of the bed can be worked 
The greater part of it is quite siliceous Even the purer por- 
tions of the ore contain many inclusions of white saccharoidal 
quartz, generally drawn out into long slender filaments In 
some cases the iron appears as flattened oolitic grains, im- 
bedded in a ground-mass of white quartzite. It is evident that 
in these deposits the iron existed in the quartzite before the 
alteration of the latter. It may have been in the form of the 
carbonate or of the hydrous oxide, and possibly, in part at least, 
of the sulphide. Some portions of the ore contain what may 
possibly be greatly altered pseudomorphs after pyrite. The ore 
is not appreciably magnetic ; is nearly black in color, and has a 
bright metallic luster It is called “ gray ore ” by the miners, 
to distinguish it from the brown hematites of the same district. 

Brown Hematite or Limonite . — Several varieties of this ore 
occur in the southern Appalachians, which are more or less dis- 
tinct ill their appearance, manner of occurrence, and mode of 
formation. The most important of these are . (1) gossan-ores ; 
(2) Tertiary gravel-ores; (3) concentration-deposits; and (4) 
fault-deposits. Only the two latter varieties occur in the Car- 
tersville district, but all four of the classes occur in the imme- 
diate vicinity, and may be briefly characterized 

1. The best-known deposits of gossan-ore occur in the Euck- 
town district. As is well known, copper occurs there asso- 
ciated with great quantities of pyrrhotite. The latter has been 
vor XXX.— 26 
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oxidized at the surface to limomto, and during the process of 
oxidation the copper has been concentrated at the hottoni of 
the weathered zone, forming the rich deposits of “ hhudc c'op- 
per ” overlying the unaltered pyrrhotite. The g 08 san-nrt‘ lias 
a variable depth, down to 50 feet or more, and eonsists of sofl, 
porous, ocher-yellow limomte. 

2. During Tertiary time the valley-region was redufsod very 
nearly to sea-level, and in its lower portions, cliieily those un- 
derlain by the Chickamauga limestone (the next fonuation 
above the Knox dolomite), swamps were formed which received 
drainage from the adjacent regions, and in whicli extensive de- 
posits of bog-ore were formed "When the region was eliwated, 
the limestone areas were again reduced more rapidly than tiie 
adjacent areas underlain by dolomite, and doubtless much ol' 
the accumulated iron-ore was removed by erosion. Around the 
margins, however, the ore remained imbedded in the residual 
clay. Deposits of this character are especially abundant in the 
Eockmart and Cedartown districts, southwest of the one rejire- 
seiited in Dig. 1. These districts comprise a number oi' areas of 
Chickamauga limestone, surrounded by zones which liontain 
large quantities of iron-ore. It is usually in the form of gravel- 
ore, composed of concretions, from the size of shot up to a loot 
or more m diameter, imbedded in the residual rod clay, and 
associated with more or less chert from the iindorlying Knox 
dolomite. 

8. The brown hematites of the third class, bcrc calh'd con- 
centration-deposits, constitute the moat important depoHits ol 
the Cartersville district. They may occur wberovor a lime- 
stone is underlain by an insoluble and iraporvious stratum, such 
as sandstone or quartzite Favorable conditions I'or tins acini- 
mulatioii occur in northwest Georgia and Alabama, at tlui con- 
tact of the lower Oarhoniforous limcHtones with Hamlsloncs 
which sometimes underlie it, and at the contact of the Bmiver 
limestone with the underlying Weisner quartzite. The Beavei* 
limestone is more readily soluble than the formatiouH on either 
side, and hence, in the erosion of the region, it has always 
formed valleys. At various times these valleys have reeeived 
the drainage not only from the adjacent (piartziio and lime- 
stone, but probably also from other of the valley-rormaiious ; 
and the widely disseminated iron leached from these Ibrma- 
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tioiiB (luring tlic pi’ocoss of decay lias been transported to tlic 
liiiiCHtoiio vall(;y, and tlicrc concentrated upon tlie underlying 
i]U])orvionH (puirizito As tlio surface of tlie limestone was 
lowered, elneliy by solution, upon successive elevations of tlie 
region, remnanis of tlic ore-do])osits thus formed were left, rest- 
ing u})on tlie underlying cpiartzite, and marking elevations at 
which the surface of the limestone had remained for consider- 
able periods These deposits are composed in part of gravel- 
ore, and ill "[lart of masBos of considerable size, in some cases 
roaelimg many feet in diameter. Whore the large masses of 
ore pri'ponderalc, it is probable that they represent replacements 
ol‘ thi' limestono by iron-bearing solutions, rather than ordi- 
nary bog-ore dejiosits From the distribution of the ore-banks, 
shown in Fig. 1, it will be seen that a large proportion of them 
are located near tin' contact of the Feaver Imicstone and the 
Winsiuu* cpiartzite. These generally belong to this class of 
coiuRmiraLiou-ores; and this eoiitact is marked by a more or 
less eontinuouH band of ore-deposits The red clay ni which 
they are inilx'ddud is chieily derived from the limestone, and 
the BurhuR' is generally covered with fragments of (partzite 
from the higlu'r portions of the quartzite ridges. 

As aliHsady remarked, the (piartzite has been eonsidorahly 
folded and is douhtless also intersceted hy immoroiiB faults of 
small throw, ih(‘ evidence of the faulting heing chiefly the oc- 
cnrreiuie of hrcccias. The latter usually consist of hno angular 
IfagiiientH of quartzite cnmeiited hy liinoiiitc, and associated 
with these hreceias are often fmind coiisiderahlc deposits of 
iron-ore. Those are soinctimes irregular deposits imhodded in 
tlu' rcHidual material which covers the surface, and are not 
sharply diflerontiatod from the concentration-deposits above 
described. In oilier cases, the ore api>ears to form well-defined 
(iBHure-veinH, with distinct walls of the inclosing formation. 
This is notably the case at the Wheeler bank, about four miles 
southeast of Oartersville. The vein is from 12 to 15 feet in 
width, with occasional ollshoots. The inclosing rock is a grey 
siliceous schist, with some blue curly talcose slate and quartz 
stringers; also occasional bands of schistose feldspathic con- 
glomerate. The vein dips east about 80° and strikes nearly 
north and south, parallel with the schistosity of the inclosing 
rock, and with the adjacent Oartersville fault. The ore ap- 
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pears m part to have filled an open fissnre and in part to have 
replaced tlie schist, numerous fragments of wliieh remain in 
the ore-body. It consists for the most part of geoidal shells, 
containing many cavities with stalactitic and hotryoidal forms, 
which have glazed surfaces showing brilliant iridescent colors. 
It generally has a fibrous structure, and further diiiers ironi 
the concentration-deposits in the almost complete alifleiieo ol 
residual clay associated with the ore. This ore-body has evi- 
dently been deposited subsequent to the development of hcIuh- 
tosity in the inclosing rocks, since it shows no evidoneo ol 
movement in the way of hreceiation or slickensides. 

At no point in this district has development gone below 
water-level The deposits are generally worked only to a 
depth permitting direct drainage. Hence the bottoms of the 
ore-hoclies are seldom reached. Of the depth to which tlie 
four classes of deposits, enumerated above, extend, it may l>o 
stated . (1) that the gossan-ores are sharply limited by water- 
level ; (2) that the Tertiary gravel-ores are goiiorally superficial, 
the greater part of the deposits being near the surface, below 
which they rarely extend more than SO feet; (3) that the con- 
coiitration-deposits go considerably deeper, and, under favor- 
able conditions, may extend to the depth of 100 feet, or oven 
more ; and (4) that the deposits associated witli fiuilts and 
formed in fissures arc undoubtedly the deepest of all If, as 
appears probable, they were formed by solutions ascending 
from considerable depths, they may extend downward several 
hundred feet, although the character of the ore would doubt- 
less he found to undergo some change with depth; the oxide 
being accompanied by increasing proportions of sulphide, and 
perhaps carbonate. 

The general belief among the ore-mmers that certain of 
these brown hematite deposits arc stratified, and may be fol- 
lowed under cover between other rock strata, is, of course, en- 
tirely erroneous. Also, the view which has been hold”' that 
in this and adjoining districts the deposits of brown hematite 
follow the outcrops of particular beds rich in iron is almost 
equally erroneous. The present distribution of those deposits, 
as shown above, depends entirely upon the geological Htnicturo 

* J W Spencer, “Economic Kesources of the Paleozoic Group of Georgia,*' 
Creol. of Qa. , Atlanta, 1893. 
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wliicli determined chemical and physical conditions requisite 
for their deposition. In all cases the iron has been transported 
to a greater or less distance from the beds in which it was 
originally disseminated. The specular hematite above de- 
scribed, and the red hematites which occur at various horizons 
in the Silurian rocks, belong to an entirely difterent class of 
deposits 

Other Ore-Depos 2 ts of the GartersviLle District. 

Ocher . — Intimately associated with these bodies of brown 
hematite are deposits of yellow ocher which have essentially 
the same composition, but differ in their physical characteris- 
ticB. The ocher is confined to the Cambrian quartzite, and 
occurs along a more or less continuous band, extending from ' 
the south side of the Etowah river northward at least to Row- 
land Springs, and probably beyond Since it occurs in the 
form oi’ a fine powder, it makes little show at the surface; and 
its presence is developed only by natural or artificial cuttings, 
which have removed the overlying mantle of fragmental and 
residual materials. The best exposures of the ocher occur at 
tlie south end of the wooden bridge across the Etowah river, 
southeast of Cartersvillc. Here the river, in cutting across 
llie quartzite ridge, has made a good natural exposure of its 
bods in place. The ocher has also been extensively mined at 
this point, so that, abundant opportunity is afforded for study- 
ing its mode of occurrence. The quartzite with which it is 
associated has been so extensively shattered by compression 
that its original bedding is very difficult to determine. The 
ocher forms a series of extremely irregular branching veins, 
whicli intersect this shattered quartzite without any apparent 
system. They frequently expand into bodies of considerable 
size ; and when the ocher is removed, rooms G to 10 feet in 
diameter are sometimes left, connected by narrow winding 
passages. The mining of the ocher has left the point of the 
ridge completely honeycombed with these irregular passages 
and rooms. 

The contact between the ocher and the inclosing quartzite is 
never sharp and distinct, but always shows a more or less 
gradual transition from the hard vitreous quartzite, to the soft 
ore which may bo easily crushed between the fingers. The 
quartzite first becomes stained a light yellow, and loses its 
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compact, closG-graiiied texture. Tins pliaso })aR8Cs lulo a 
second, in winch the rock is perceptiblj porous, having a rongli 
fracture and a harsh “ feel,” and containing enough ocher to 
soil the fingers. In the next phase the ocher preponderaii'S, 
hut is held together by a more or less continuous Hkeleton ot‘ 
silica, although it can be readily removed with a pick. The 
final stage in the transition is the soft yellow ocher, filling the 
veins, which crumbles on drying, and contains only a small 
proportion of silica in the form of sand-grams. 

The intermediate zone between the pure ocher and the 
quartzite is usually a few inches in thickness, although it may 
be several feet between the extremes, and, on the other hand, 
sometimes only a fraction of an inch. When the Iransition- 
rock is examined under a microscope, the character of thc‘ 
transition can be seen even more clearly. The more conqiacl 
portions, which are only slightly stained with iron, are seen to 
bo composed of a transparent ground-mass, threaded with 
minute cavities, which penetrate the rock in all directions and 
contain a fine dendritic growth of iron oxide. The latter 
occurs only rarely in isolated grains, but generally in clusters 
of minute grains or fibers, attached to each other and branch- 
ing irregularly from a central stem. They have no trai’C of 
crystal form Passing toward the ore-body, these mmiite iias- 
sages become larger and increase in frequency, until only a 
finely branching siliceous skeleton remains, the grealer part of 
the rock having boon replaced by the iron oxide, (luder 
polarized light, the transiiarent ground-mass is broken ui» inlo 
an aggregateof small quartz grams, penetrated in all dlrodiouH 
by the iron oxide. The latter does not he lietween (he indi- 
vidual grains, but passes through them, as though the gi'ound- 
mass were quite homogeneous. The procesH of riqilacemcuit is 
never complete; for all the ocher contains more or less sand. 
When this is washed clean from the iron oxide, it is found to 
differ from ordinary sand-grains in having oxtronudy iiTC'gulnr 
outlines. This sand, as might ho anUci]>atod from the micro- 
scopic structure of the slightly altered quartzite, is evidently 
composed, not of the original grains of the rock, hul, of d(‘- 
tached portions of the irregular siliceous skeleton, which, in 
the intermediate stages of replacement, liolds the iron oxide in 
its cavities. Aside from the silica, the ocher as mined eon- 
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tidiiB only hydrated feme oxide, a small amount of alumina, 
and a trace of manganese oxide, the latter giving it a slightly 
greenish tint. 

Some portions of the Cambrian quartzite contain interbeddod 
siliceouR sliales , and the silica in these has also been replaced 
to some extent by iron oxide, producing an ocher which is in- 
ferior 1.0 til at derived from the quartzite, since it contains con- 
siderable clay — practically all the argillaceous matter originally 
contained in the shales. Imbedded in this ore are numerous 
small enbes of pynte, or rather limonite pseuclomorphs after 
pyrite. These were probably an original constituent of the 
shales, before the replacement occurred. 

The above-described structure of the ocher and the inclos- 
ing quartzite, particularly as observed under the microscope, 
throws considerable light upon its mode of origin The forms 
of the residual Band-grains in the ocher, and of the siliceous 
skeleton about its border, were evidently produced by solution. 
It seems probable, therefore, that the iron oxide is a direct re- 
])laeomcmt of silica The faulting of the region, by fracturing 
the rocks, afforded favorable conditions for the percolation of 
Riirface-waters to great depths; and since the faulting was 
doubtless accomjianiod by the develojinient of considerable 
heat, the region was probably characterized by numerous ther- 
mal springs The work of Van Ilise and others has shown 
thai,, under favorable conditions, especially under great pres- 
sure and at high tcunperatures, silica becomes one of the readily 
Boluble roek-constitniuits. It appears that, under certain con- 
ditions, a carbonic acid solution of iron carbonate, meeting an 
oxidizing soliiLioii, precipitates its iron as hydrated ferric oxide, 
and at, the same time dissolves silica. 

The conditions for this reaction seem to have been present 
in the Oartersville region. Water, containing in solution iron 
carbonate or other ferrous salts derived from the decay of surface 
rocks, must have penetrated to considerable depth, particularly 
through the shattered quartzite. But in addition to this solu- 
tion of iron j)orcolating downward from the surface, the open 
fissures probably atforded abundant opportunity for the free 
circulation of water containing oxygen The two solutions 
coming m contact, the iron carbonate was oxidized and x»re- 
cipitated as limonite, in the place of silica dissolved at the 
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same time. The solution of the silica, which is the ditlicult 
part of the process to understand, may have been assisLed liy 
the presence of alkalies in the oxidizing solution. Tt was 
probably greatly assisted by the heat which must have resul1e<l 
from the faulting. It is also possible that carbonic acid, in the 
so-called nascent state, at the point where it is freed from oiu' 
compound, may be a much more efficient solvent for silica than 
in its ordinary condition 

Humorous open passages and cavities, penetrating tlu‘ ([uartz- 
ito and the bodies of ocher, are met in mining The smaller 
cavities arc generally lined with a crust of small (piartz crys- 
tals, while the larger ones frequently contain beautiful crystals 
of barite, which were probably deposited after the conditions 
favorable for the solution of silica and the deposition of ocher 
had passed. Groups of acicular crystals of this mineral, several 
inches in length, are not uncommon. It also occurs in white 
granular veins. The barite is called “ flowers of ocher ” by the 
miners It remains in the residual soil which covers the 
quartzite outcrops, and affords the best means of tracing the 
ocher deposits It is found at numerous points on the low 
quartzite ridge north and south of the Etowah river, and 
prospecting at these points has never failed to reveal more oi 
less extensive deposits of ocher. 

Manganese . — Closely associated with the above described de- 
posits of iron-ore are extensive deposits of manganese. Tliese 
have been quite fully described by Dr. renrose,''^ and require 
only brief mention here. All the iron-ore contains traces oi‘ 
manganese ; but the main deposits of the latter ore art', tpiite 
distinct from the iron. The ore occurs, like the brown lu'ina- 
tite, imbedded in a heavy mantle of residual clay, associated 
with chert and angular fragments of quartzite. Tlit'. jiropor- 
tionof clay to ore is usually larger than in the deposits of brown 
hematite. The ore occurs as small concretions scattered through 
the clay, and also in the form of veins, penetrating the clay in 
an irregular manner. It has the appoaranoo of having bc'i'ii 
deposited by solutions percolating through the residual mantle. 
The original source of the manganese was probably the Beaver 
limestone, although some of it may have come from the Wois- 

* E A r. Penrose, Jr, “Manganese; Its Uses, Ores, and Deposits.” Ann 
Mept Geol Sur., Arlanms, 1890, vol i , pp. 418-426 
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Dor qiiarizilo The deposits occur with about equal frequency 
in the residual material derived from the two formations 

Dr. Penrose holds the view that some, at least, of these de- 
posits existed in their present form in the rocks of the region 
hefore weathering, and are therefore strictly residual. "While 
tins may he true in a few cases, the writer has found no evi- 
dence of it 111 the held; and the manganese ores are regarded, 
like tlio iron-ores with which they are associated, as purely 
secondary deposits, their distribution being determined chiefly 
by cliemical and physical conditions, rather than by the out- 
crop of bods especially rich in manganese. 

Although, in the aggregate, a large amount of ore has been 
mined from this district, most of the work has been done in a 
primitive and inefliciont manner It is probable that, with 
mod('rn appliances, a large amount of material would pay for 
working which docs not contain a sufficiently large proportion 
of ore to bo profitably worked by the present methods. 


An Examination of the Ores of the Republic Gold-Mine, 
Washington. 

BY T. M. OIIATARD AND OABELL WHITEnEAD, WASHINGTON, D 0 
(Wabhington Meeting, February, 1900.) 

The Republic mine, situated forty miles from Marcus, a sta- 
tion on the Sjiokane Palls and hTorthern Railroad, m the north- 
eastern part of the State of Washington, was located in 1896, 
but no development-work was done until the spring of 1897 
While much of the ore mined since then has been rich enough 
for shipment to smelters, a method of locally treating the 
lower-grade ores soon became a matter of prime importance, 
because only about 40 per cent, of the values could be recov- 
ered by plain amalgamation, even with ores assaying 4 to 5 
ounces of gold per ton. Experiments with cyamdation, in 
various ways, led to the adoption of the Pelatan-Clerici process 
and the erection on this system of a 10-ton experimental plant, 
which was later increased to a capacity of 36 tons per day. 
The extractions by this process showed much improvement 
over previous work, especially when the ore was crushed to 
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120-m.Gsli; but the general results wore not very satis factory 
to the owners, since the extractions on rich ore were not, over 
86 per cent., falling as low as 70 per cent, with the |30 ore In 
the search for the cause of these losses and for iniprovenieiit of 
methods, samples of these ores were sent to us for oxaminatuin. 

The ore, as received by us in September, 1898, eonsish'd in 
great part of grayish- white lumps and fragments of clialcedonic 
material, intermixed and coated with a softer friable substanc.c, 
having the appearance of amorphous silica It could be easily 
crushed to pass a lOO-mosh screen, but even in this state of 
fineness the most careful panning failed to show more than a 
minute quantity of sulphurets; no free gold could be detected, 
even with a powerful magnifying glass, although oiir assays 
showed a value of 6 30 ounces per ton. Careful search proved 
the absence of arsenic, antimony, tellurium and selenium, and 
there appeared to bo no chemical reason why the gold should 
not be easily extracted by cyanide. Moreover, when a sample 
of the ore was treated with hydrofluoric acid, the gold in the 
residue was clean and bright, and, under the microscopo, 
showed indications of crystallization. 

The ore was then crushed to pass 60-niosh, thoroughly mixed, 
sampled and assayed, giving a value of 6.30 ounces gold and 
6.15 ounces silver per ton. Twenty-five pounds wore then 
treated in the Aurex sluice, recently described by uh,-^' the 
strength of the cyanide solution used being 0.286 per e.cnt. IvOy 
and the duration of the run being one hour. The tailings as- 
sayed 2.10 ounces gold and 2.80 ounces silver, an extraction of 
only 66.66 per cent, gold and 54.49 per cent, silver — a result <piito 
inexplicable, considering that the gold was apparently jierle.etly 
free; the test was therefore repeated, using a stronger solution 
(0.376 per cent. KCy) and increasing the time of treatment. t,o 
two hours, but with no lietter results. Crushing to SO-mesh 
showed some improvement, the tailings assaying 1.46 ounces 
gold and 1.90 ounces silver, indicating the advantage of still 
finer grinding. "Wo therefore ground the remainder oi‘ the ore 
to pass lOO-mosh, and tlicn, on treatment, obtained tailings 
which assayed 0.48 ounce gold and 1.02 ounces silver — an 
extraction of 92.38 per cent, gold and 88.41 per cent, silver. 

This first lot of ore having become exhausted, more was 

^ “Notch on the Aurex Sluice," and 3Iin Jbwr., Pehruary 3, 1900, p. 138. 
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obtained, part of wliicli was mill-pulp, assaying 2.60 ounces gold 
and 3.75 ounces silver; tlie rest being coarse ore, assaying 2.80 
ounces gold and 2 50 ounces silver. As tine grinding seemed to 
increase the extraction, tlie mill-pulp, winch had been ground to 
pass 120-mesli, should have been peculiarly fitted for treatment; 
but the best results in the sluice gave tailings assaying 0 40 ounce 
gold and 1 55 ounces silver, or an extraction of 84 per cent, 
gold and 41 3 per cent silver Since, however, the percentage 
of extraction increased with the fineness of grinding, it was 
fair to presume that the residual values were mainly contained 
in the coarser portions of the tailings, which were therefore 
separated into sands and slimes, there being about 60 per cent, 
of the latter. To our surprise, the two portions assayed prac- 
tically the same, although the gold in the sands could then be 
extracted by percolation with comparative ease In view of this 
observation, another portion of the pulp was taken, mixed with 
the cyanide solution, allowed to stand overnight, and then run 
as before. The tailings assayed 0 25 ounce gold and 0.75 
ounce silver, the values being confined mainly to the slimes 
It now became necessary to devise a method of treating these 
slimes, and, as they remained in suspension for an indefinite 
period, some means of precipitating them was needed. Neither 
lime nor common salt gave good results ; so sulphuric acid was 
tried A slight efibrvescence was noted, and a small portion 
of the suspended material appeared to go into solution, while 
the rest began to subside ; on making the solution alkaline, the 
material fiocculatecl and subsided rapidly. On repeating this 
experiment with the original ore, we found that the acid solu- 
tion contained alumina, oxides of iron and lime, while the 
residue, on panning, showed much free gold, although none 
could be found in the untreated ore. As the acid appeared to 
liberate the gold, it was at first supposed that carbonate of lime 
was the masking agent; so another xDortion of ore was calcined 
before cyaniding. Groat im^irovement was noted, the sluice 
extraction being brought up to 94 60 per cent, gold, the tail- 
ings assaying 0 135 ounce gold per ton These wore separated 
into slimes and sands as before, the slimes now settling quickly 
and containing only 0.05 ounce gold per ton. The sands 
amounted to 50.6 per cent, of the whole, percolated freely, and 
wore treated with cyanide solution, giving a further extraction 
of 0.058 ounce gold, and making a total extraction of 96.92 per 
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cent, gold, or a final value in the tailings of 0.077 ounce gold 
per ton. 

"We now found that our coarse ore contained no carbonate of 
Imio and yet that calcining had the same benclicial elfeet, the 
calcined ore showing, on panning, much free gold, and giving a 
good extraction in the sluice. It became, therefore, evident 
that it was not carbonate of lime, but some other constituent of 
the ore, which interfered with the extraction of values until it 
was either removed by acid or rendered iiiiiocuous by heat. 

A sample of the coarse ore was finely pulveri;ied, and the 
metallic iron present removed by a magnet. Ten grammes 
were then digested on the water-bath for one hour with hydro- 
chloric acid, diluted with an equal bulk of water, and then fil- 
tered. The washed residue was then digested with a hot solu- 
tion of sodium carbonate, to extract any silica rendered soluble 
by the acid treatment, while the acid solution was evaporated 
to dryness to recover any dissolved silica. The solution was 
then analyzed by the usual methods, and the complete results 
were as follows 


Insoluble residue, 


. 97 11 

Soluble silica, 


. 0 81 

Alumina, 


. 0.38 

Feme oxide. 


0 40 

Ferrous oxide, 


. 0 29 

Copper, 


. 0 016 

Zinc, 


. 0.02r) 

Lime, . 


. 0.066 

Magnesia, 


Tr 

Sulpbui, 


, . . . 0.060 

Phosphoric acid. 


. 0.018 

Water. 


1 68 

Total, . 


. 100 168 


This analysis indicates that the material which envelops the 
gold and prevents its dissolving in tlie cyanide e.ousiHtH mainly 
of hydrated oxides of aluminum and iron, since the aiuoimt of 
soluble ” silica is insufficient for any known combination with 
the bases, even if we suppose that all of it was originally so 
combined. The sulphur probably exists partly as sulphides of 
iron, zinc and copper, partly as sulphates, but the small amount 
of the total made it hardly worth while to determine the pro- 
portion. Some of the lime may exist as carbonate; but the 
amount of tins must be very small, since no ofiorvesceiioe could 
be noted upon treating the ore with acid. 
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111 tliG Emjbmrmcj and Mining Journal, Dec. 16, 1899, p. 726, 
the following analyses, A and B, of Bopublic ores are given, an 
analysis l)y ns, C, being added for comparison 



A 

B 

C 

Silica, 

. 85 61 

90 55 

94 41 

Alumina, . 

C 37 

4 73 

2 95 

Iron oxide. 

3 16 

2 57 

1 29 

Coppci, 



016 

Zinc, 

Tr 


025 

Mangancbe, 


20 

Tr 

Lirne, 

Lirno carbonate, 

4 37 

90 

06 

Sulpliui, 

04 


06 

Water, 


1 20 

1 14 

Total, 

99 55 

100 15 

99 951 


Analysis A shows, as do many of onr own tests, that the Repnb 
lie ore»ortcn contains much carbonate of lime, but onr work has 
convinced ns that this substance is not the cause of the low ex- 
tractions, which are really due to hydrated oxides of aluminum 
and iron. As a rule, the gold and silver in these ores are in 
the form of very minute particles, and these appear to be so 
oiivolopod in the slimy hydrates as to be floated off by the water 
wlien tlie ore is panned , the hydrates also forming a coating 
impervious to cyanide solutions When the ore is treated with 
acid the hydrates are dissolved, and the gold, thus set free, is 
easily collected in the pan. The action of heat, by driving off 
the water of hydrates, leaves the oxides in a brittle and porous 
condition, so that they either separate from the gold or permit 
the cyanide solution to reach and dissolve it Calcining has, 
however, the reverse effect upon the silver, as the extraction of 
this metal was always less after the ore had keen heated than 
before, due probably to the conversion of sulphide of silver into 
metallic silver, which is less easily soluble in cyanide than the 
sulphide. 

While the results of this investigation have given interesting 
suggestions as to the genesis of this remarkable deposit, a dis- 
cussion of that topic 18 foreign to the purpose of this paper, 
which is to call attention to the importance of thorough chemical 
examination of such gold-ores as, without apparent cause, do 
not readily yield their values to the usual processes Proper 
investigation will always show the cause and rarely fail to indi- 
cate the remedy. 
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The Enrichment of Gold and Silver Veins.' 

HY WAIiTER HARVEY WEED, BUTTE, JIONT 
(WttshingLou Meeting, Febiniuy, l‘)on ) 

Introduction. 

In a pro-vious paper upon the emTchnieiit oi’ niiueral vt'iiis hy 
later metallic sulpliidcKjf the writer has shown that certiiin 
masses of rich ores, such as arc found in many mines, ththin’ 
near the water-line or as bonanzas in depth, are of secondary 
origin, and are due to a leaching of loan ore and the com^eni ra- 
tion of the material by reaction between tbe solution and the 
nnaltcred ore belowL The geological and inineralogieal evi- 
dence is heliovod to form an adeipiate basis Ibr a chemical and 
physical explanation of the phcnoniciioii. In the present paper 
the writer will give a brief synopsis ol* this theory, and wall 
apply it more particularly to deposits of the precious metals, 
laying special emphasis upon the dependence ol' sudi enrich- 
inoiits upon the presence of iron snlphidc (as pyrite, etc.) m 
the primary ore, and upon structural features whidi control 
the circulation of the enriching solutions below the water-lcwcl. 
It is believed that many, though not all, of the honauzas and 
pay-shoots of rich suliihide ores, especially those carrying gold 
and silver, winch are encountered in orc-doposits, are ol' such 
secondary origin. Apparently it is essential tliat ilii' occur- 
rence and structural relations of siicli orc-maBRcs slioiihl ht' un- 
derstood, as the success of the imiie is often dependent upon 
the finding and extraction of tliesc ores. A legitimalc deduc- 
tion, too, IS that sucli ore-depoaits decrease in value with 
depth. 

As my own studies have been mainly in Montana, my illus- 
trations must be drawn from the ore-deposits of this and ad- 
jacent States, with such as I liavo noted in hurried visits elso- 

^ Published by permission of the Director of the U. S (Icological Survey, 
f Bulletin Geological Society of America, vol. xi., pp. 179-200, 1900. 



ENllICIIMBNT OE GOLD AND SILVER VEINS. 


425 


where. The literature of ore-deposits doubtless affords also 
many illustrations of secondary deposition besides those quoted 
by me in tins paper. The recognition of secondary enrich- 
ment as a factor, and the chief one, in the genesis of many rich 
ore-deposits was forced upon me several years ago by my study 
oi‘ the llTeihart, Mont., silver-gold veins. Since then it has 
i[)roved to be of frequent occurrence in many mines, and its 
study has led me to the theory of secondary enrichment pro- 
pounded in a previous paper, and especially applied to precious 
metals m tins paper 

Statbmeni’ of the Problem 

The fad that masses of very rich ore often occur near the 
water-line in many mines, but do not continue in depth, and 
the occurrence of pay-streaks and bonanzas in deep mine-work- 
ings, is a matier of history in many regions. The problem is 
to explain the goncHis of such ores. The theory here presented 
ai'oounls for such ores as enrichments formed from bodies of 
lean ore of complex composition, which have been lixiviated, 
tlu' gold, silver and copper being carried downward below the 
watei’-level and precipitated as high-grade sulphide ores. The 
t'Videnco is mainly mineralogical and geological , but it is in 
entire ac'cord wiih chemical tests and reactions, which have 
been earned out in the laboratory or are too well known to be 
called into question. 

Hurface-wafers arc believed to be commonly the means by 
wlucli ibe lean ores are leached and the metallic contents car- 
ried down and rcdeposited. In some cases, however, concen- 
tration lias probably been eftected by new fractures, resulting, 
in the cases known to the writer, from later volcanic activity 
and faulting, and serving as channels for upcoming hot waters 
As commonly understood, ^‘surface-waters” are those which 
have so recently left the surface as to still retain constituents 
common to waters now found at or near the surface (free car- 
hoiiic acid, organic acids, chlorides, etc.), and which produce an 
oxidation. Thus the effect of superficial alteration, as described 
by most writers, has been the production of carbonates, chlor- 
ides, oxides, etc. In those instances where Biirface-agencies 
have had a reducing effect, it has been commonly ascribed to 
organic matter, though Penrose cites tbe formation of native 
copper by the action of “ a ferrous salt on certain copper salts,” 
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as an instance where the primary eliemical action is one of 
partial oxidation, and the reducing action follows, as the (‘llect 
of one of the partially oxidized compounds on the other In 
this sentence lies the pith of the whole sn])je(*t of enriclmient, 
since when the leaching of lean ore is performed hy oxidizing 
surface-waters the resulting solutions percolate downward as 
deoxidized waters, carrying soluble salts that are the result ot 
oxidation, and enrichment is the result of a reaction between 
these siihstanees in solution and the unaltered ore with which 
they come in contact in their downward course. Above the 
ground water level there is a constant movement of the water 
downward, but below that level the free oxygen has commonly 
been used uj).'*' 

The Zones of ’Weathering, of Enrichment, and of 
Primary Sulphides. 

At the outset a sharp distinction must be drawn between tlio 
secondary or later enrichment herein described, which occurs 
in part at the water-level but usually below it, and the enrich- 
ment duo to simple weathering or Ruperficial altoration ol’ the 
ore. Ill the latter case the gold or other values remain, while 
the worthless constituents are in large part removed, thereby 
greatly increasing the value per ton of the weathered i)art of 
the vein. This process, usually known as superficial, is a com- 
mon and now well-known feature of ore-deposits the world 
over. 

In order to describe the different parts of veins Inn'o under 
discussion, the writer will follow common usage in (billing the. 
upper weathered part the zone of weathering. Eeuoath this 
lies the zone of enrichment, underlaid in turn by the zone of 
primary stilphides. The term “ zone ” is, of course, only used I'or 
convenience, since it is well known that weathering ext, ends 
down along fractures and other channels for circulating watoi's, 
sometimes for hundreds of feet into a mass of otherwise un- 
altered ore. The zone of enrichment is oven more irregular, 
and may, as illustrated in the ideal conditions represented in 

* It should be noted that the word oxidation is here used in its original re- 
stricted sense, as it is commonly understood, and not in the extended sonso used 
by chemists to express the converse of reduction, as, for instance, CuaS to (JuH 
where no oxygen is present. 
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tlio diagram, Fig. 1, be separated by unaltered ore from a 
bonanza mass of secondary ore beneath. 

The occurrence of enrichments between altered and un- 
altered vein-matter is one that has not escaped the attention of 
previous writers ; but they have all, so far as known to me, 
limited such enrichment by the ground-water level. Thus, 
Penrose says * * * § 

“Asa roHult of these vanous changes, certain minerals are sometimes leached 
from the upper part of oie-deposits which have become poious by alteration and 
Gained down to the less pervious unalteied paits. Here they aie precipitated 
by meeting othei solutions or in other ways, and hence the richest bodies of ore in 
a deposit often occur between the overlying altered pait and the underlying un- 
altered part. This is not always the case, hut it is true of some copper, silver, iron 
and othei deposits ” 

This author, it is true, recognized that surface-waters pass 
below the zone of oxidation and may gradually sink to very 
great depths below the permanent water-level. But he ex- 
pressly declares that the results of such circulation do not re- 
late to Buperiicial altoration,t which he limits to that of deposits 
that remain in Be Launay, in his very interesting and 

valuable essay, § has given us a chemical theory, to the support 
of which he has marshaled all the facts gathered in the prepa- 
ration of his great monograph on ore-deposits. This author 
distinctly recognizes a zone of enrichment, but, like Penrose, 
limits it by the permanent water-level {nimau hydrostatique). 

Leaching in the Zone of Weathering. 

In the sulphide enrichment here discussed, the enriched 
material is in most cases derived by the leaching out of the 
metals from the portion of the vein lying above ground-water 
level. This leaching is due to superficial alteration, and leaves 
the iron as a gossan while the waters carrying the gold, silver, 
copper and other metals in solution trickle downward through 
the partially altered ores into cracks and water-courses which 
penetrate the ore-body below the water-level. The first partof the 
process is, therefore, the leaching of the lean ores which occurs 

* Joum. QeoL, vol ii , 1894, p 294 

t Loo, dt., p. 298. 

t Loo, cU , p. 302. 

§ “ Contobution a L’Etude des Gites M4taUif6res,” Ann, des Mines, 9th series, 
vol. XU., 1897, pp. 119-227. 

VOli. XXX —27 
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in the Buperficial alteration of the vein This has been diH- 
cnssed by many writers, particularly by Penrose, who, however, 
does not make any attempt to state the chemical reactionB 
involved. Those reactions are complex, and the muss rosulis 
depend upon the laws of physical chemistry; yet the general 


Fig 1 



Diagram Sliowing Eelative Positions of Zones of Weathoiing, Enrichment and 
Unaltered Ore, and of Bonamas Formed Along Fault. 

changes involved may bo expressed by equations showing end 
reactions. 

The chemistry of weathering, concisely expressed, is as fol- 
lows. In an ore consisting of either one or all of the following 
sulphides: — pyrite, arsenopyrite, chalcopyrito, lilonde, galena, 
tetrahedrite, — ^the minerals will oxidize according to thedr rela- 
tive affinity for oxygen and inversely as their “ adinity ” Ibr 
sulphur.* All the sulphides will be attacked simultaueously, 

* This statement is sufldciently accurate for tho purposes of this discusBion. 
As the mineral decomposition is affected by physical structure, as well as chemi- 
cal, and by relative amounts of each present, it is appaiont that there arc many 
qualifying factors The “relative affinity ” of thometals for sulphur ia 1 llg, 2 Ag, 
3 Cu, 4 Sb, 5 Sn, 6 Pb, 7 Zn, 8 Ni, 9 Co, 10 Fe, 11 As, 12 Mn. This is tho order 
in which a salt of one metal will be decomposed by any subsequent one in tho 
series and the first metal precipitated as sulphide. (See E. and M. ./our., Oct, 
26, 1890, p. 484 See also Jmr. ofSoe. Ohm, Ind , vol. xi., 1892, p. 869.) 
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but, inasmuch as pyrite consists of 4 parts ferric and 1 part 
ferrous sulphide, and parts with a portion of its sulphur very 
readily, this mineral will be most attacked. This decomposes 
first to FeS and S. The sulphur usually forms HgSOj the 
Fe8 forms FefclO,. The latter changes to H,80„ Fe(OH), and 
Fe^ (SO^)^ The sulphuric acid attacks more iron sulphide and 
forms more FeSOt together with HgS — the latter, in the presence 
of ahundant oxygen, forming HoSO^ The FeSO^ changes to 
FOi,(80J,j, which attacks the sulphides of copper, lead, zinc, etc , 
in a reaction which can be most simply expressed as follows 
On, 8 + 5Fo,(80,), -1- 4H2O = 2CnSO, + lOFeSO, -f 4H2SO,. 

The ligSOj in mine-waters will attack both copper and iron 
suliiliides and form sulphates without the formation of HgS or 
the liberation of free S; and the iron sulphate, oxidizing the 
iron, is precipitated as hmonite The oxygen may come from 
either air or water. PbS -|- Fo2(SO,)3 = PbSO^ -f 2FeSOi + S ; 
or ld)S 4 4 Fo 2(SO,)3 + 4H2O = PbSO^ + 8FcSO, + 4H2SO,. 
And ZnS -j- Fe2(SOi)^ = ZnSOj + 2FeS04 + S? more prob- 
ably, Zn8 + 4Fe2(SO,)3 4- = ZiiSO , + 8FeSO^ -1- dH^SO,. 

The above (icpiations simply show that ferric sulphate can 
oxidize the various sulphides to sulphates, and is itself reduced 
to ferrous sulphate. However, the sulphuric acid formed by 
the oxidation of pyrite in the upper zone can also attack sul- 
phides, and the IlgS winch is formed may be oxidized by the 
Icrrio hydrate into sulphuric acid. This method is probably 
more likedy of occurrence, but 110 one can say that the oxida- 
tion IS exactly according to any set of equations, as many other 
reactions are possible. 

The laws of physical chemistry, verified by experiment, show 
that blende is more easily attacked by oxidizing waters than 
galena, and the latter mineral decomposes more readily than 
chalcoGite. The general order of attack of the sulphides is there- 
fore arsenopyrite, pyrite, chalcopyrite (FeS removed, leaving 
OnS), blende, galena, chaleocite, while tetrahedrite, being a 
complex substance without definite percentage-composition, has 
no fixed place. G-old, if present, may be attacked by Fe2(S04)3 
in which it is well known to be readily soluble, and silver goes 


^ “The Cheiuical Composition of Maicatile and Pyrite,’' by Amos P Brown, 
Froc. Am Fhil Soc , vol xxxiii , p. 225, 1894 
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into solution as sulpliate. The lead, wlncli as sulphate is nearly 
insol able and remains about its parent-mineral galena, can 
only migrate when reduced to carbonate (by calcite, etc.), in 
which condition it is readily carried off by carbonated waters. 

Where these are the only reactions, the outcrop is leached 
of all its metallic matter, and its soluble gangiie-mmerals are 
reduced to a porous Bpongy mass of silica, such as is sometimes 
seen. Commonly the iron is not all removed, since the ferrous 
sulphate, which is the most abundant product of the leaching, 
absorbs oxygen and water and forms limonite, 2Fe,P33Il20 
(or rarely a basic sulphate of iron), forming the iron-stained 
quartz or limonite gossans, the “ iron cap ” of so many vein 
outcrops This leaching of the ores is therefore scon to depend 
upon the tendency of the iron salts to form Fe(OH )3 as an ulti- 
mate product which is precipitated from the solution; thus 
renewing the FeSO„ which renews the ability of the solution 
to attack more pyrite and metallic sulphides. This cycle of 
change can be tentatively expressed as follows : Ferric sulphate 
forms by the oxidation of the iron sulphide of the original ore. 
This salt attacks pyrite and other sulphides, and is itself re- 
duced to ferrous sulphate. The latter oxidizes to ferric sulphate, 
which is partly changed to limonite and sulphuric acid, while 
the remainder begins anew the cycle of change. Ferric sul- 
phate is the main vehicle by which the sulphides are dissolved. 
The Fc(OH)a is in ‘part eliminated as a precipitate, while a part 
is acted upon by the sulphuric acid with the production of a 
solution holding Fe 2 (SOi)sH-FeSO*, these iron sulphatos being 
in the approximate proportion of 3 : 1. The FcSOi takes up 
oxygen and forms Fe(OI[)a, and the ultimate production is a 
yellow basic sulphate insoluble in The result of these 

changes, due to water and abundant oxygon, is the leaching out 
of all the constituents of the vein in the weathered zone except 
iron and silica. The solutions seeping downward contain vari- 
ous metallic sulphates and much sulphuric acid, the amount of 
the latter being increased by that formed by hydrolysis from 
the sulphates, since copper sulphate in solution yields sulphuric 
acid. 

JPrecipitaiion in the Zone of Weathering, 

Not all the material leached out in the zone of weathering 
migrates below to the zone of enrichment; for the surface- 
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waters commonly contain carbon dioxide, some chlorides, 
organic matter, etc , resulting in the formation of carbonates, 
chlorides, etc., and of the native metals. Thus, copper can be 
formed from the oxide by reaction with either free sulphuric 
acid or iron sulphate (both abundant in the lower part of the 
superhcial zone), viz. Cu ,0 + K^SO^ = Cu + CuSOi + H,0 ; and 
30u,0 + 6 FeSO, = 6 Cu + Fe,0, + 2FeXSO J 3 . The latter reac- 
tion accounts for the cement-copper associated with iron sesqui- 
oxide at Ducktown, Tciin , Gold Hill, FT. C., and elsewhere 
Hative silver is also formed in films and crystalline masses by 
reduction through ferrous sulphate, viz Ag^SO^ + 2 FeSO^ = 
2 Ag -I - F e^(SO i)j. Gold probably sometimes occurs in the native 
state because it has not been attacked and is simply left behind, 
though it is also deposited by precipitation from the ferrous 
sulphate solution. 

The Zone of Minchment. 

The surface-waters which have leached the vein in the zone 
of weatiioring seep downward along cracks and crevices, or 
along ti’uuk-chaniiels, into the primary ore below. The origin 
and occurrence of such fractures will be mentioned later. 
They very commonly exist 111 ore-deposits, and convey waters 
downward far below the so-called ground-water level. As we 
have shown, these waters not only carry various metals in solu- 
tion, chictly as sulphates, but they are no longer oxidizing, but 
are of acid reaction. Penetrating the primary ore, they come 
in contact with the unaltered metallic sulphides In such 
masses pyrite and, more rarely, pyrrhotite are very commonly 
abundant, and a reaction at once occurs between the iron sul- 
phide and the metallic salts (mainly sulphates) held in solution, 
resulting in their decomposition and the precipitation of new 
Biilphides which encrust the walls of the fractures This, in 
the case of copper, is showm by the following theoretical equa- 
tion, which expresses end reactions only, viz 4CuSOi-f SFeS^ 
-I 4H,0 = 20iqS + 3FeSO, H- 2H,SO, -|- 2H,S + S , or, more 
simply, copper sulphate and pyrite yield copper sulphide and 
ferrous sulphate, i' This CuaS would react in turn upon silver 
sulphate, AggSOi -|- Ou,S = Ag.S -f Cu^SO,, while the pyrite 

^ The apparent anomaly of cupric sulphate and pyiite giving ferrous sulphate 
is explained by the chemical composition of pyrite as 4 parts feme sulphide and 
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itself will decompose the silver as well as other sulphate's, 
owing to the relative affinity of the metals for sulphur. Chlo- 
ride or carbonate of silver would be similarly de'coiuposed. 
For the rich aiitimouial sulphides of silver various roac'tions are 
possible, the pyritous ore reducing the mmerals from a solution 
holding antimony and arsenic derived from impure pyrite, Tliis 
process 18 probably aided by the free sulphuric acid brought 
down in the waters and as hydrolizatioii-product oi‘ intermedi- 
ate steps of above reactions; since a dilute 8 ()lution of sul- 
phuric acid attacks iron sulphide, forming iron sulphate and 
sulphuretted hydrogen, the latter of which would form sul- 
phides of load or silver, etc., from the solutions. ' 

For load the presence of carbonates seems necessary, and if 
the gaiiguo minerals are of this nature, or the walls are lime- 
stone, the lead carbonate is decomposed, lime goes into solu- 
tion, and the ligS set free from pyrite at once forms galena, 
which is deposited. 

The Solution and Precipitation of Gold . — The alteration of 
gold-deposits presents features diHering very markedly from 
those accompanying the alteration of copper- or silver-ores. It 
is commonly assumed that the unaltered ore contains the gold 
in association with pyrite or quartz. The most fre(|uent all.era- 
tion of this is to a rusty brown mass of sesquioxide ol‘ iron, 
permeating the quartz and holding iiiigget-threads of free gold. 
As a result of further alteration by surface-waters, the iron is 
leached out, and a porous, spongy, white quartz remains, holding 
the gold. This kind of alteration is a very common leaturi* ol‘ 
ore- deposits throughout the "West. In many (iuses, howtwer, 
ditferent conditions prevail. Part of the gold, at li'ust, is taken 
into solution by ferric sulphate, carried downward as tin* waters 


1 parfcfeiions feiilphide, the latter only beinff heroin (ionHulou'd. Moreover, wo 
may have in oxidation zone* CngS -[- 4 b''c 2 ('^<h).i I 4 iraO - f HtVHOi 

-P 41-12804. Then any sulphide would procipitato Ci^S from Uie cuprous sul- 
phate, pioviding the sulphide is soluble enough and the sulpluite solution is 
strong enough to have enough cuprous ions and sulphide ions to exoet'd the con- 
stant of solubility. The formation of cuprous sulphate is thoowitical, hut its 
existence is indicated by recent experimental work, as yet unpuhllslicd, by ( 1 . F. 
Tolman, Jr. 

"■ It must be understood that these equations arc given in the simfdfst and 
most compact foim possible. Thus CuSOj in water loally holds (Ju(<)ll)2 and 
HaSO^. 
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seep liolow, and precipitated as native, leaf, wire or scale gold 
ill niinnte cracks in sulpiiide ores, or, what is more commonly 
the case, the gold is deposited with silver in antimonial sul- 
phides, especially riihy silver (pyrargyrite) This is the form 
in winch it occurred at the Euhy mine, on Lowland creek (near 
Butte), where the surface of the quartz crystals lining the open 
spaces between boulders of decomposed rhyolite and coating 
these houldera is liberally sprinkled with ruby silver. This 
mine yielded $600,000 in less than a year, of which one-half 
the value was gold The ore was a secondary concentration 
along a clay fault-fissure, and is now exhausted. The “in- 
dicators ” of Australian ore-deposits atibrd a most interesting 

Fia 2 



Alteiatioii of Bornite to Chalcocite and Limomte, Blue Wing Ore, Yirgilma 
District, N 0. The nucleal masses are bornite , the black borders represent 
clialcopyrito ; the stippled area is non oxide Diawn fi ora nature, twice the 
natural size. 

Gxamjjlo of the reduction of gold by pyrito. These indicators 
are thin layers, sometimes hut half an inch thick, of pyrite 
occurring in shale. In many cases the shales are, it is true, 
carhonaceous, and the organic matter may assist in the reduc- 
tion. As sliown by Don and by Kickard, the quartz veins are 
barren except whore they intersect these pyntous layers * 

The experiments of Livorsidgef have shown that gold is 
precipitated from solution more readily by metallic sulphides 
than by organic matter 

* J. R Don, Drans , xxvii , p. 669. T. A Eickaid, JE and M Jour , 1895, 
lx,p 661. 

f T/'oe. Boy. Soc. B £> W , vol xxYii , 1893, p 287 See precipitation of gold 
by pyrite in the experiments of Daintiee, quoted by Rickard in “ Origin of the 
Gold-Bearing Quartz of Bondigo Reefs,” Tiam , vol xxii,, p. 313 
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assume . — It seoms unnecessary to expand this section furtlier, 
as tlie reactions given are sufficient to show that secondary 
sulphides arc formed in depth. It is evident that a majority 
of the reactions depend upon the presence of iron sulphides, 
either as pyrite or in some other form Pyrite is tlK'refore Ihe 
great precipitant of secondary sulphides. 

Evidence that Certain Minerals and Ores have the 
G rBNBsrs Stated Arove, 

That chemical reactions similar to those given do take place 
in nature, and that the resulting precipitates are true minerals, 
is shown by abundant mineralogical proof. Thus the aurifer- 
ous copper-ores of Gold Hill, Horth Carolina, show chalcopyrite 


Fig 3 



Specimea Showing Leached Gulena and Eesidual Polyhasite ; Moi once Mine, 
Neihait, Montana 


altering about its borders to a si)ongy mass of black eojiper 
sulphide, the iron being largely carried olF, but in part form- 
ing hematite nests near by In other specimeuH, 1he co])p('r 
sulphide has gone into solution, and has been carritid a few 
inches and redeposited in crystalline masseH. In a similar 
manner bornite alters to chalcocite and iron oxide, us shovm in 
specimens from the Blue Wing mine at Virgiliiia, Pi'rsmi 
county, Horth Carolina. Eig. 2, drawn from nature, sbows 
this alteration. In other speeimons the iron is carried oif and 
fills cavities with specular iron-oro. 

At Heihart, Montana, polybasite and jiyrargyrile encj'ust 
barite, quartz, galena and pyrite, whicb are themHoIveH laler 



ENRICHMENT OE GOLD AND SILVER VEINS, 


435 


than and encrust fractured masses of impure galena, blende 
and pyrite that constitute the original vein-filling. These crusts 
are now forming m vugs and water-courses filled by sluggish 
descending water, Nucleal masses of impure galena are seen 
in thin section surrounded by a spongy mass of polybasite, just 
as chalcopyrite is seen surrounded by amorphous copper glance. 
Fig, 3 18 a diagrammatic representation of a portion of the 
surface of a specimen of ore from the Florence mine The 
main mass of the specimen consists of a breccia of pyrite frag- 
ments, held in a cement of barite and ankerite spar, with 
scattered grains of galena The upper surface shows galena, 
blende and barite, the latter in projecting tablet-shaped crystals 
upon which there are parasitic masses of impure argentiferous 
galena. This galena is etched and leached so that, on part of 
the specimen, the surface shows a crust of about jV inch 
IhickncBS consisting of a spongy residue, or a skeleton of the 
galena. This spongy mass consists largely of polybasite left 
behind as the more soluble lead w'as leached out That some 
of the antimonial sulphide of silver goes into solution, is shown 
by the prosence nearby of minute newly-formed crystals of the 
latter The crystalline polybasite occurs nearby coating frac- 
tures and showing characteristic triangular markings, or as 
loose aggregates of rough and mossy-surfaced crystals. It is 
also probably derived from blende, as it occurs very commonly 
coating that mineral under conditions which seem to preclude 
precipitation by that mineral. An examination of numerous 
specimeiiB from the Florence and Big Seven mines shows that 
polybasite and pyrargynte are secondary minerals filling cavi- 
ties and cracks m the original ore. The material gathered from 
the lowest level of the Florence mines shows polybasite in the 
form of crystalline tablets upon barite and other minerals, and 
also as a moss-like mass of open skeleton-texture, which seems 
to represent arrested deposition. The latter form is believed to 
come from a place in the vein where mineral-bearing water is 
.now depositing this mineral, together with spar, quartz, and 
probably galena. Studied under the microscope, the polybasite 
appears to be an alteration-product of galena, and itself to be 
mixed with, and to grade into, pyrargynte, which is in some 
cases its undoubted alteration-product. It is certain that poly- 
basitc, as the important constituent of many of the ores, is of 
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secondary origin. It occurs on all other minerals, and is itself 
not coated or dotted hy them. Fig. 4 is a diagram of a speci- 
men of the common ore of the district eoiiRisiing of galena 
and carbonate ‘^‘spar” with scattered pyrite and chalcopyrite. 
The specimen is from the ivall of a fracture traversing the 
somewhat friable bands of galena. The surface of the fracture 
has been coated with a thin drusy covering of quartz ipion 
which there rests massive polybasitc whose up]ier surface 
shows the typical triangle striations of polybaHito, Idie spoci- 
men is drawn nearly to natural scale. 

Sphalerite also occurs in well-formed crystals in some ol’tho 
vugs and is one of the most recently deposited minerals. 


Fig. 4. 



jSooonddry "tnangla" uro, 
<polybni!lto oncrualing fraa- 
\hutod Durfaco of primary oro 

[primary oro, gntana ami 
f carbonate mmorala! no 
quartz, aomo pyrito and 
chalcopyrito. 


Specimen from the Blorenco Mine, Neihait, Montana 


While polybasite and pyrargyrite are ceonomieally the most 
important of the secondary minerals formed by enriclniu'utr 
fractures in tbe Noihart ore, yet other minerals, galena, pyi’ite, 
blende and quartz, are also formed. An excellent example is 
seen where quartz veinlets have filled fractures in the primary 
ore Fig 5 shows a piece of the common spar and galena ortt 
in which the ore is fractured and the fissure /Hied by a vtdnlet 
of quartz in whose center pyrite is seen At the lop the fissure 
is open and the vug is lined with a drusy coaling of ciuaiiz, on 
the surface of which occasional larger erystiils of jadybasilt^ 
are seen. The druse (c), connected with the cpiartz vtdnlel. by 
a fracture following a layer of spar, shows secondary (piai'lz 
and pyrargyrite. Where such fractures traverse the orig and 
its carbonate gangue is at a decided angle to the biinding of 
the deposit, and the crusts or filling are. notably differeni in 
composition, there is no doubt of thoir being of later origin. 
A veinlet of this kind is illastrated on a natural seah* in Ihe, 
diagram, Fig. 6. In this case various secondary minerals Wf're 
formed. The figure represents a cross-scction of a little (luarlz 
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a ” ()( y0y(3|j mine, wliicli constitutes the liigh- 

griulo ore-slr('ak ol tlie lode. It sliows tlio I’cliitivo abundance 
and association ol the minerals, but does not represent the 
spongy textui'C ol Ihe ixilybasite and its intimate admixture 
with both galena and pyrites (dial copy rite), as this growth is 
too mossy to be re[)resentGd well, and the mineral is therefore 
indicated as polybasiie alone. The specimen, seen in thin sec- 
tion, shows ruby silver and polybasite intimately associated 
and Ibrming irregular, shreddy and ragged patches. ISTo posi- 
tive idc.ntili cation of galena as the iiucleuB of such masses was 
made, l)ui the association with galena is such as to indicate a 
possible change to jiolybasite. The pyrito is broken and frac- 

PtG 5 
a 


a ■=> Druso forming part of ssoondary 
quartz vomlot - quartz onorusted 
with pyrito and polybaait© 

Ji a Secondary quartz veinlot with 
pyrito oontor 

C ■= Vug In galena and carbonate ore 
ohowb soconiJary loaohing and de- 
position of quartz in cavity 

Ht)C'(umcn of Kilver- tuid Ix'iul-OrG fioin Neiliait, Montana 

tured, but (be grains arc always sharply delined, and no genetic 
relalion to the silver suliihides is recognmablo. A blende 
crystal, seen isolated in the central cpiartz-tillingj shows in thin 
stKfiion a crust, of ])olybasitc, the latter bolding minute inclu- 
sions ol' p)'rite. The blende, seen in another section of rich ore, 
is invariably surrounded by a dark crust which is not iron oxide, 
nor (loos it a])pear to he an iron-rich blende. It is not definitely 
di'tnrmimible, but resumbleR galena or a silver snlpliide. 

Posepiiy has doBcribed stalactilic deposits of sulphide, which, 
as urgi'd by Dr. A. Hchmidt, form oxeelloiit ])roof of the 
Ibrniation of secmidary suljilndcB by a leaching of ore in the 
;5one of lYeathering and a redeposition of ore m the zone of 
eiiriehmeiit. Dosepny, it is Iriio, denied such an origin for 
these deposits because they occurred below water-level. The 

><• Di(‘ ZmkcnktjviHlaHen von Wicdoch, %n Jiaden, IIcUlell)ei-g, 1881, p 94 
Poaupny, (hwm of On. Dqumts, p 03 , anti Tram,, xxni , 259 
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existence of open spaces below water-level is a pliciiomenon 
frequently encountered in ore-bodies exposed by mine-work- 
ings. I myself have seen such openings a foot or more across 
at 1000 feet below the water-level at Elkborii, Monlami, and at 
200 feet below water-level at lileiliart. The pipc-ore of llaibl 
described by Posepny is, I believe, an excellent example of the 
formation of secondary minerals by descending waters. Posc])- 
ny’s explanation that they are due to ascending waters wliicli 
were denied access to the cavity except through Die rooi’, 
seems to me to be an hypothesis opposed to both the iacts of 
observation and physical laws. Moreover, as the geology of 
the mining regions is more carefully studied, it is certain that 
tiiey have passed through various physiographic ehanges, with 
migration of water-level, so that air-filled spaces lielow what 
is now the water-level are not only possible but in some eases 
probable.’'' 

Prof Vogt also describesf the recent concoutralion of gold 
and silver in a zone beneath the “ iron liat.^' ITe says that in 
the Pio Tinto region the “iron liat” is from 35 to 60 meters 
deep, and consists of iron oxide or hydrated oxide, with from 
35 to 50 per cent, of iron, some silver in part as hasic sulphate, 
and a few ten-thousandths per cent, of arsenic, while on the 
other hand the copper-contents are, as already remarked, (Ui- 
tirely oxidized and dissolved out. In one mnio, VorDi vein 
hfo. 2, at liio Tinto, there occurred hctwcoii the iron hat and 
the underlying comparatively fresh pyritc, a layer of earthy, 
porous material, bearing gold and silver. This tairDiy ore, 
though a few decimeters in thickness, may bo followed c-on- 
tiniiously over the entire ore body. This very marked layer 
follows closely the irregular plane between the iron liat and 
the underlying pyrite. It overyAvhere contains an average 
gold- and silver-contents of from 15 to 30 gramnu'S gold and 
1.026 silver, with a value of about 150 marks per tom In 
stripping off the “ iron hat,” this earthy imiss is eaiasfally laid 
to one side, and has thus yielded fully a thousand tons of on;. 
It is clear that the formation of this gold- and silvei’-lK-aring 
zone is connected with the oxidizing process that foriiHal Die 
iron hat, and that the gold and silver comes from the very 
small percentage of such metals in the primary ore. 

' Posepny, p. 63; and Trann , xxiu., 2C0. | ZoiUcU. Prak. Uml,, July, IHOl). 
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Deductions. 

From the chemical reactions given, it is evident that ennch- 
muiit IS largely dependent upon the presence of mareasite, 
pyrite or some other form of iron sulphide in the primary ore, 
since lixiviation depends upon the presence of the iron sul- 
phates, and preei]htation is mainly effected by the unaltered 
sulphides. As a consequence of this, it follows that ore-hodies 
lacking in iron pyrites will not show enrichment, thus explain- 
ing the ahsence of any such phenomena in the pure silver-lead 
bodies of the Cmur d’Alene district and elsewhere In this 
region, visited by the writer in 1895, the ore-bodies consist of 
galena with a sidente gangue and are replacement-deposits in 
quartzite and argillaceous schists. The veins are covered by 
great masses of barren limonito gossan, beneath which the ores 
are carbonates and sulphates of load, which extend along frac- 
tures to a depth of 200-300 feet. The silver values, which 
carry about 10 ounces of silver to 1 per cent of lead, do not 
show any enrichment. This is quite what would be expected, 
since, although the galena in decomposing would yield up 
silver as sulphate, there would be no reducing agent at hand 
to extract it from the waters as it seeped down into the un- 
altered ore. Also, at Barker, Montana, the ore-bodies show 
no enrichment, though a common feature of such deposits, 
viz., the change of galena to pyrite, in depth, would favor 
enrichment, if the silver-lead bodies were deeply enough 
weathered. The writer has also examined the Zosel mines in 
andesite porphyry near Beer Lodge, Montana, and those in 
similar rocks on Basin Creek, and near Elliston, as well as the 
Castle Mountain and Elkhorn ores in limestone, and the Bear 
Paw ores in basalt, all in Montana, as well as the McMakin in 
Forth Carolina. These deposits all consist esBeiitially of galena 
without any notable amount of pyrite, and although favorable 
physical conditions for enrichment occur, no bonanzas or pay- 
streaks of rich secondary ores are found. 

The Occurrence of Bonanzas and Pay-Streaks. 

The location of bonanzas and pay-streaks of secondary sul- 
phide-ores is dependant upon physical factors. From a con- 
sideration of the processes described in the preceding pages, 
it is evident that the localization of enrichments will depend 



440 


BNKICIIMENT OF GOLD AND SILVEE VEINS 


wholly upon structural conditions. If the vein consists of a 
solid unshattcred imperm cable body, with no fractures by which 
the solutions can seep down into the underlying original sul- 
phides, the zone of enrichment will bo contiiiod to the vicinity 
of the water-lines, and, if above water-level, will constituti* the 
ore-bodies described by Penrose, De Launay and others as one 
of the results of superficial alterations. In fact, many siicli en- 
richments do occur at, or just below, the water-level, if the 
primary ore-body is shattered by cracks, sheeted by later move- 
ment or traversed by secondary fractures, faults running 'ivnth 


Fig 6 



Secondary Vemlet of Quartz and Bich Sulplude Oie Fillmg Fractiuo in Pri- 
mary Ore ; Big Seven Mine, Neiliart, Montana Pynto and galena arc angular 
fragments of original ore 


or across the vein, such crevices and fractiircs will be. tbc (dian- 
nels in which the descending solutions will travd, uml along 
which the secondary ores will form deposits in the unaltered 
ore below 

Such secondary fractures may be now filled with (piartz or 
other gangue-minerals holding ore, or they may be barren and 
open, or they may be marked by a soft mushy in ass of (day or 
attrition breccia. Yery often the so-called splits, teedt'rs and 
stringers of a vein, when examined critically, will bo Ibund to 
be secondary fractures and not true ottshoots of tbo vein itself, 
the latter phenomenon often being the cause of ore-shoots of 
primary origin Wlioro the later fracturing runs parallel to 
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tliG vein, as is ho often the case at Butte, and in the silver mines 
oi* JefferRon county, it may only ho revealed hy a clay selvage 
ol a rare slickensido Hurface, though it is more frequently 
marked by a soft and mushy mass of mud and breccia, in 
whicli Iragments ol' the wall-rock ore and gangue, one or all, 
may l)e Rcon This is seen at the Comet mine, where second- 
ary ores were n])un(hinl along recent tissures tilled with clay 
and a breccia of huiched ore and altered wall-rock 

An excellent example is afforded by the ore-body of the 
Australian Broken PIill Consols mine, IsTew South Wales, dc- 
B<‘.ribed by Smith. ’ The occurrence of the largest bonanzas yet 

Fio 7 



Australian Broken Jlill Consols Mine, New South Wales (Alter George Smith, 
Tram,, xxvi , 73.) 

A, (ly.scrasitG ; B, stromoyenle , 0, decomposed amphibolite, etc , assaying 
under 7 oz. per ton ; I>, fahlerz , 15, soft goasany material, containing nodules of 
silver chloride, stiomoyenle, etc., and averaging about 750 ozs. pei ton, F, 
hnionite, practically free from silver , G, cross-vcin, H, amphibolite 

found in the mine were in association with the vortical vein Q-, 
shown in the diagram (Fig. 7). This cross-vein has been faulted 
by tlie lode, and is really a succession of joints along a line of 

^ Tram , xxvi., 69. 
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weakness. Another bonanza occurs in the same mine, 500 
feet to the east, under similar conditions. 

Mr. Smith’s statement is that the lode itself is only ore-bear- 
ing where it makes junction with cross-veins The well-known 
occurrence in Australia of ore-bodies where veins cross “ in- 
dicators,” i.e , pyritic bands a few inches wide, is readily under- 
stood, either as secondary enrichment or primary, since the 
reducing effect of pyrite upon gold held in solution lias boon 
established by Liversidge 

The part played by such secondary fractures at Butte can 
hardly be appreciated by those not familiar with the ground. 
In descriptions and diagrams of the veins of this district the 
occurrence of clay and breccia bands and walls lias not been 


Fig 8 



Diagram to Show Eelation of Mollie Gibson and Smuggler Ore-Bodies and Bonan- 
zas (of Polybasite) to Fault-Fissures. (From Spurr. ) 


overlooked, though their true significance appears to have es- 
caped notice since the fractures so often run parallel with and 
in the vein itself. Emmons first noted the significance of such 
fractures, and their genetic connection with glance and bornito 
veins. It is now known that these fractures are extensive 
laterally and vertically, and the enrichment probably duo to 
them extends in some instances to a depth of 2000 feet below 
the present surface. Lest this statement prove mieloading, it 
should be qualified by adding that not all such fraoturcs have 
caused enrichment, and some of the largest fault-fractures arc 
of relatively recent formation, later than the ore-bodies of 
glance and bornite, etc., which they cross. 

In hiB monograph upon the Aspen district, Colorado,* Mr. 

J. E. Spurr, U. S. Oeol Survey, Monograph No xxxi., Geology of the Aig[}en 
Mvtving District. 
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S[)iirr (loRcril)GH tlic occurronce of tlie ftiraous ore-bodies of the 
Siimggh'i' and Mollic Gibson mines at Aspen, Colorado The 
ore eon SI sis o T barite and polybasite, with tennantite. Although 
Ml’. R])mT gives no definite statements as to the possible sec- 
ondary origin of these ores, yet the sketch which he gives'* (Fig. 
8) and tlui <loRc‘ri]itions all indicate that the original ore was a 
sdver-beai’ing lead sulphide, with more or less iron and zinc 
sul])hides, formed along inclined faults, and that subsequent to 
the formation of these ore-bodics, nearly vertical faults dis- 
placed the ore and i'ormcd the two bodies now worked at the 
mines mentioned. Although in these vertical or nearly verti- 
cal iisKures rich ])olybaBitc ore is now found, it does not extend 
far in cither direction from this fault; and the description of 
the ores given by Mr. Spiirr indicates that it is derived by sec- 
ondai’y alteration-processes from the lead and zme ore-bodies. 
This is also indicated by the fact that the polybasite is m part 
altered to native silver at the extreme lower end of the ore- 
body. 

In convorHatioii with me, Mr. Spurr has admitted the possi- 
ble secondary origin of these polybasite bodies, but had no new 
evidence upon the subject. lie says 

“Tins oro ■vviu) of a ricli cliaracler, liaving laige aiuonnts of polybasite and 
native silvor. Tins polybasite body appears to lie in a soit of suboidmate shoot, 
trending south of cast and lying at tho Oibson fault-plane This shoot is marked 
by exceptionally large and lich bodies of a nature not found el&cwheie in the 
luino. It IS noteworthy that this rich shoot is practically the lower termination 
of the oro of tho (hhson fault Most of the ore below tins is native silver, which, 
from tho naturo of its occurrence, is manifestly a secondary deposit leached from 
tho rich ore above. Some of those secondary deposits are, however, of consider- 
able she, and empty vugs aie often found beautifully and elaborately festooned 
with dclioalo wires of silvor Above tho polybasite oio, however, the oie appears 
to ho l>retty continuous, but the amount of silver becomes less ” 

It will be iio-licod tbai bo recoguizee the secondary nature of 
the silver, and that the polybasite lies between the native silver 
and the load sulpliide. 

In a cliai)ter upon the chemical geology of the region, where 
lie disciiSRGB the alteration of tho oro-deposils and of the lime- 
fitoiies, he docs not adduce any now facts concerning the forma- 
tion of the polybasite ore ; but ho does say that iron pyrites 
carrying small amounts of arsenic, lead, copper, zinc, cadmium, 

* Op. at., 183. 

VOL. XXX.— 28 
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cobalt and nickel is found, and that tctraliedritc is also very 
common. The polybasite is said to be later than the Ijanie. 

The description given by Leggett* of the Eosario luiiio, ^an 
Juancito, Honduras, 0 A., shows that the secondary enrich- 
ment may account for the peculiar features of the deposii, 
This fissure-vcin splits into two distinct veins in more barren 
ground and unites into one consolidated vein where ore-lxxlies 
occur and where feeders enter from the hanging-wall — a con- 
dition ]paralloled in the Drum Lummoiilode in Montana. The 
oxidized ore of upper levels includes frequent streaks o{‘ argen- 
titc and the rich silver sulphides. The lower levels show the 
unchanged sulphides of iron, cojpper, load and zinc. The 
gangue is quartz, carrying in the ore-bodics occasional clay- 
streaks, heavily stained with the hydrated oxides of iron and 
manganese Other accompanying minerals found less i'ro- 
quently are polybasite, embolite, etc. The vein-material is 
quartz pure and simple. The foot-wall is usually decomposed 
and broken, and a clay parting often runs a foot or two inside 
of the wall, necessitating close stulling till the stope can lie 
filled with waste. The conditions noted hero are the counter- 
part of those encountered in the copper-veins of Buttc', where 
later fractures, marked by clay and attrition-breccia, have been 
the channels for enriching solutions. 

7 he Secondary Enrichment of Vans at Neihari, Montana. 

Secondary enrichment has played an uniLsually important 
part in the development of the ore-deposits of Hoiluirt.. The 
ores extracted in the earlier workings and those Ibuiul to-day 
where new veins are opened, all show silver sulphidcH diqioHiti'd 
by secondary enrichment as crusts or crystals lining (iavilit's, 
or as films or thin coatings along fractures of the ])rimary ore, 
or in the oxidized zone as the so-called “ sooty sulphide ” ores 
that occur with manganese oxides. It is from tins zone of 
enrichment that the high-grade ores, running from 200 to 1 000 
ounces of silver to the ton, or oven higher, were obtained in 
the early history of the camp. Although such ores gave out 
in depth and caused many disappointments and failures, their 
occurrence played a most beneficial part in the development of 
the veins. 


* iOans., xvii., 432. 
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Tlio aeeoiulary niineralB recognized are chiefly polybasite 
(rc'ally ])earcito) and riiby-Hilver, the former being more abun- 
dant. There are also bright metallic coatings, presumably ar- 
gentite, on crystals and along fracture-planes, and rarely in 
minutely crystalline masses The superficial alteration of the 
hTeihart. veins is not a marked one, as there are no great zones 
ol carbonates and oxidized ore iSuch ores occur only in limited 
amounts, being most abundant in the Broadwater vein, where 

Fig 9 



0, n Blark "clay" Jl"ooarD Colortid by ground up galona etc 
1) - White opar stippled with galena, pyrito and blonde 
(' ^ Secondary fault fissure in primary ore Filled by clay holding 
ore fragments 

d Shattered "spar" ore, galena etc 

(i *•' Secondary fault fissure traversing vein The clayfillingis black and 
holds sotondary antimonlal sulphides of silver making good oro 
y n Shattered and altered gneiss holding films of rich sulphide ore and 
vugs of Hi" across holding rich silver sulphides 
ff Gneiss 
/i " Vein of polybasite 

Face of Broadwater Vein Exposed August, 1897, on Stope Below Third Level. 

the partially oxidized ores extend down 170 feet below the out- 
crop, and, in pipes and along drainage fissures, reach even 
greater depths. Generally, however, there is another zone of 
alteration below the level of these altered or highly altered 
ores — 'the zone of enrichment. This secondary ore also ocenrs 
in the cracks of the shattered country-rock, forming the vein- 
matter where it is associated with secondary quartz (Fig. 9). 
Yery commonly the polybasite occurs in crystalline masses 
showing no definite crystal outlines. In the open spaces and 
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vugs of the vein, crystallized specimens have been found associ- 
ated with barite It is possible, of course, that this may lie duo 
to the meeting of surface- and of deep-seated waters. The zones 
of impoverishment, of enrichment, and of unaltered primary 
sulphides recognized in the ease of the copper veins are clearly 
present here, though the uppermost is of limited extent, and 
the zones are not so sharply or definitely separated from one 
another as they arc in copj)er deposits, owing to the later 
fissiinng of the vein-filling allowing the secondary ennchnient 
to be mixed with the unaltered sulphides. Polyhasite is said 
by Dana to alter to stephamte and pyrite. In the hTcih art ores 
the mineral seems to show an alteration to pyrargyrili! and 
pyrite, and the former, in turn, changes to native silver m the 
upper zone. 

An example of the economic necessity of carefully observing 
secondary fractures and accompanying enrichment is shown by 
the Eva May mine, on Cataract creek, near Boulder, Montana. 
In the early history of the mine much high-grade ore was found 
consisting of pjwite, together with more or less galena, blende 
and ehalcopynte, the whole impregnated with scattered bimclies 
of rich antimonial sulphides of silver. The vein is a large 
one and shows thick ore-shoots of pyritic ore, but the bulk ol 
this away from the enriching fracture is too poor to work. 
Concentrates made from it have, according to amdysis m the 
Survey laboratory, the composition shown under I. in the ibl- 
lowing Table • 

I n. 




Tor cent. 

Por cent. 

Silica, Alumina, etc. 

"1 Insoluble, 

. 10 81 

10 31 

/ Part of 01 e, 

50 

.50 

Fe, 


. 24.08 

23 69 

Pb, . . . 


9.83 

23.93 

Zn, 


0.00 

5.74 

Cu, 


4.60 

1.29 

Bi, ... 


.8.3 

.12 

Ni, . . . 


.03 

trace 

Ca, ... 


. none 

none 

As, 


2.01 

,98 

Sb, 


.55 

trace 

S, ... 
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This material, which looks so much like good ore, has caused 
tliG mine to shut down. It will he seen that it furnishes an 
admirable material for alteration and concentration of silver 
according to the process outlined in the first part of this paper. . 
In i>oint of fact the pay-streaks and pay ore-hodies of this 
property are of secondary origin, and it is only by confining 
mining operations to such places that the mine can be made 
to ])ay 

Another example is the Froliner mine, 10 miles south of 
Helena, at the head of Olancey creek. The main ore is a mix- 
ture of galena and pyrite, and occurs in sufficient abundance to 
warrsint working, if it were not too low in grade Yet the 
primary ore, where not enriched, will not pay for concentra- 
tion. The composition of this ore is given in column II. of 
the lahle on tlio preceding page The ore has been concen- 
ti;ato(l iin(,il it carries hut 10.3 per cent, silica, with iron and 
lead prcHcnt in nearly equal proportions. The sample was 
care fully collected, so as to represent a true average of the con- 
centrates as shipped. The rich ore of the mine, carrying as 
high as 200 O'a. of silver per ton, was found near secondary frac- 
tures, and consisted, I am told, of pyrito and galena with films 
and nests of antimonial sulphides of silver. 

A considerahle list of mines in Montana might be mentioned 
in which Hiich phenomena have boon observed by the writer. 
Of many others the past history shows rich surface-ores, be- 
coming i‘a])idly leaner in depth. This is true not only of silver 
mines, but of gold-silver properties, near Marysville, Montana, 
in California at the Mojave mines, etc 

Whore telluridc ores occur, the only onrichraent observed 
has been duo to superficial alteration, as has been observed m 
the Judith mountains. Little Rocky mountains, the Dolcoath 
niiiio near Klkhorn, and tlie Mayflower mine, all in Montana. 

The BU'ect of Physiographic and Climatic Changes. 

Active degradation favors the accumulation of enrichments, 
while ])rolonged degradation of a region, resulting from phys- 
iognqihic revolutions, may result in successive migrations of 
material and the accumulation in a relatively shallow zone of 
the melala derived from many hundreds, and possibly thou- 
sands, of feet of the vein worn away in the degradation of the 
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land. Climatic conditions, rainfall or aridity, warmtli and 
rapid alteration of vein fracture are agents aflectmg siirfaco- 
weathering, and hence, also, enrichment. 

Active degradation of a region, that is, rapid wcalhcring, 
favors enrichment by the quickness with which it renioves the 
upper already leached part of the vein, so tliat a larger amount 
of vein matter is lixiviated in a given time than would result 
from slower wasting of the land. Such ciiriehmeui.s are 
favored by high altitudes Moreover, the mouiitainons regions 
are those in which secondary fractures are most apt to lie 
found. 

Changes of Water-Level 

Prolonged degradation is favorable for a similar reason, since 
time is a factor in enrichment, and changes in elevation, etc., 
affect the rate and progress of decay of the vein; while the 
crustal movements accompanying ihiysiographic changes favor 
fractures of the earlier deposit, which give facilities for 
leaching and spaces for deposition. K a region passes through 
several cycles of erosion and elevation, it is evident that their 
result is likely to be a succession of enrichments in which 
not only the original ore is leached, but the earlier enrichment- 
deposits migrate downward. At Butte, Montana, tlu‘ region 
has passed through several very pronounced changes in eleva- 
tion since the formation of the veins in tertiary time. Jn early 
Tertiary time the present topogra])hy was blocked out, and the 
mountain ranges and deep intervening valleys were carved. 
This was succeeded by earth-movements by which the strt'ama 
became clogged or the valleys dammed, forming lakes ; while 
volcanoes broke out at numerous places and showercil ashes 
and scoria over the region. The valleys were silted up or in 
part filled by volcanic debris, before crustal luovumenls drained 
the valleys and altered the divides. More recent movement, 
possibly still contmuiiig, is marked by fiuilts and arevt'rsing 
of stream-courses. The old valley at Butte is filled by hun- 
dreds of feet of debris, and a mountain wall 2500 feet high 
marks a north and south faulf-line. These eliangos all eansed 
a migration of water-level facilitating the processes of weatlun- 
ing and enrichment, and the great bodies of rich eopper-oros 
of the region are believed to be in part duo to this cause. 
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Types of Copper-Deposits in the Southern United States. 
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Introductory. 

Tn tlic early liintory of tins country the existence of copper 
in the Appalachian region was well known, hut no mining was 
aiiempted until the discovery of Hie Ducktown deposits in 
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1850. The ncliness of the black coppcr-orc of that locality led 
to ail exploration of similar gossan-covered deposits elsewhere, 
and as long as these rich ores lasted the deposits wore vigor- 
ously worked. 

Meamvhile the discovery of gold in Oaliforuia greatly in- 
creased interest in the Appalachian gold-field, and ])lac“('r- 
working was followed hy the opening of a large immher ol 
quartz-veins. These gold-ores, winch were free inilliiig in the 
upper, oxidized, weathered parts of the veins, changed at the 
water-level to pyritous ores in which hut part of the gold was 
free Idotwithstanding this fact, many of the veins were 
worked to considerable depths. Frequently, however, the sul- 
phide ore carried an increasing amount of copper i)yiTtes us the 
mine became deeper, and since this could not bo succt'Hsfully 
amalgamated, or rather since the percentage of gold was too 
small to be proJBtable, such properties were promptly abandoned 
when the percentage of copper in the ore reached about 2 pt‘r 
cent. Ill the last thirty years, many unsuccessful atieiupts have 
been made to work these veins for gold and copper. Failure 
has been due to a variety of causes, but the chief reason has 
been the low price of copper. With the marked increase in 
the price of this metal which has resulted from the wides])ron,d 
and marvellously rapid introduction of electricity throughout 
the world, there has also been a decrease in the cost oi‘ mclal- 
lurgical treatment, due to improved methods ol’ snuhing and 
refining. The result has been renewed interest in copper- 
deposits. The Southern field contains many properties whicli, 
under present conditions, offer as satisfactory prosjiects ol’ 
profit as many in the West; a number of the abandoned gold 
properties being of this class. At the same time the great 
pyrrhotite bodies of Diicktown and similar deposits (dsewhere 
are workable under these improved conditions. 

The writer, having visited a few of the many copiier-dciiositH 
of the Carolinas, has been impressed with the fact that no 
attempt has been made to present a general ac.eouut of the 
copper-resources of the region. As the deposits present marked 
differences, which have an important economic l)caring and 
which permit a grouping of the deposits according to their 
similarity to certain types, the attempt will be made in the 
present paper to describe representative examples of cnuditypo 
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from maturia] gatliorcd during personal observation, and to 
point out tlic types to wlncli tlie deposits belong that have been 
described by others in State reports and scientific papers 
Fig. 1 IB an index-map showing the locations of the deposits 
described. 

TliO loeahties <lcscril)ed were visited during the last four 
inonths oJ’ 1899 in a search for data bearing upon mineral 
Jilleration and redepoHition, and the time spent at each locality 


Fig 1 



J n(lo3c«Map, Showing the Location of the Coppei -Deposits Descubed. 


was necessarily brief, being only snfiicient for a survey of the 
general char acdcri sties of the deposits, tliough the notes thus 
accnmnlaUul conviiuicd the writer that a discrimination may he 
made hetwcon the different types rcprcBcntcd in the copper-de- 
posits oi'tho South. The notes hero given should be regarded, 
tlioroforo, only as a slight contribution to oiir knowledge of the 
or(>-dc>[)osits of tlic South and not as a finished study of their 
featiires. I shall, therefore, briefly outline the cliaracters of 
four diOcrimt typos to which, I believe, many others of the re- 
gion may ho referred. T think it wfill be apparent that if tliOBe 
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types can be established much repetition in description will be 
saved, and the ore-deposits will be studied to better advantage. 

Summary of Types. 

1. The first typo of deposit is that of a true fissure-vein, the 
quartz-vein — formed by the filling of open cavities, with only 
minor and accessory replacement of country-rock. The Vir- 
gilina deposits are rexiresentative of this type. The ore is 
glance and boriiite, without chalcopyrite or pyrite. The veins 
cross the schists or conform with them 

2. The second type is that of auriferous quartz-veins com- 
mon in the Appalachians. Although true fissure-veins, they 
are formed by the replacement of country-rock along sheeting- 
planes or true fissures, and accompanied by the filling of open 
cavities as a minor and accessory feature. Ti is named from 
the Gold Hill mines, where such veins have yielded several 
millions in gold. 

3. The third type is a pyrrhotite-vein — a true fissure-vein the 
fillling of which is essentially j)yrrhotitc or pynte, almost bar- 
ren of quartz, and represents the replacement of a zone of 
sheeted rock which was composed largely of metamorphic. min- 
erals. 

4. The fourth type comprises local segregations of native 
copper, copper oxides and carbonates along shear-zoiu's in 
altered igneous rocks. Such deposits, so far as known, do not 
extend below the groundwater-level in depth. 

I. The Viruilina Tyfe. 

The Yirgilina Copper-Mntes. 

Location . — The copper-mines oi' the Virgiliua district, in 
Halifax county, Virginia, and Granville and Person eounties, 
Horth Carolina, take their name from tlic little town of Virgil- 
ina, situated upon the line between tlic two states. The Dan- 
ville division of the Soutliern railway passes through thc' town, 
which is 47 miles east of Danville. The Horfolk and Wi'Htern 
and the Eichmond and Danville roads lie not far to the north 
and west. 

The topography is hilly, or undulating, like nuicli of the 
Piedmont plateau. Thc mines thus far developed all he 11^)011 
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a so-called nclgc, wliicli is a somewhat flat-topped elevation of 
100 to 250 feet above the neighboring stream-valleys, and is 
from one-lialfto two miles or more in width. This ridge is cut 
by nuiru' rolls cross-drainages and stream-hollows, and it is only 
at the northern end near the Hyco river, where it is called Pligh 
Hill, that its elevation above the surrounding country is quite 
apparent 

Water is abundant in winter, but quite scarce in summer, 
when most of the small crocks run dry. At the town of Vir- 
gilina the wells have boon sunk at least 80 feet The mines 
make) but little water, and if the district is ever developed so as 
to become a large producer there will be some difficulty in ob- 
taining a sufficient supply. The Hyco river is the nearest 
available source. 

Much of the district is timbered with hard wood, and locally 
with pine, but the timber has been largely culled and it is only 
in small tracts that it is found of sufficient size to serve for 
mining piirposcsv The land is owed in largo tracts, usually of 
flcvoral hundred acres, the title to which carries, of course, the 
mineral ownership 

y/w/tory.— The district has been more or less prospected for 
the past 40 or 50 years, as shown by the pits and shafts now 
Ibiuid lor 8 miles north, and as far south, of the State line."* ** 
The CHllis mine was opened m 1856, f and a hue body of glance- 
ore was exposed. The district remained practically unexplored, 
however, until 1807, though considerable money was spent 
there in 1886-87, when the Blue Wing mine was opened, and 
500 tons of ore were extracted. Some prospecting was also 
done on the Yancey mine; but unfavorable reports wore made 
by experts, and the property remained idle until 1897. In that 
ytuir iho district was again the scone of active operations, and 
225 car-loads of ore wore taken out and shipped to the Orford 
Copper Company. 

Tim TiorMs of the District . — The country-rock is schist, in few 
places masHive enough to be called gneiss Hatiiral outcrops 
are rare and seldom more than 2 or 3 feet high, forming sharp 

* 8c« W. B. Phillips, JUng. (aid Min Jour., Api. 1, 1899, p 382, also Amer 
Manuf., Mai. 17, 1899, 

I “Geology of Midland Counties of N. C ,” Geol. Smvey oj N 0 , E Emmons, 
1860, p. Ui. 
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and narrow reefs, persistent for short distances only. The soil 
is, however, thin; and the rock is encountered at a slight dis- 
tanee henealh the surface. In the railroad-cnl tings the strike 
of the schists is readily determined, and vnirics from IST. 10° to 
20° E , the dip being from 70° to 80° eastward. In general, the 
cleared fields show much white quartz-dohris along the line ol' 
the vein-oiitcrops, and rather massive angular blocks, from 6 
inches to a foot across, of dark-colored, quite dense gneiss, 
which is recognizable as a volcanic hrcccia at one or two local- 
ities The schists weather readily in the railroad-cuts, umh'.r 
the influence of frost, slacking to fine mioaccous (lubris, which, 
of course, explains the absence of outcrops over so much ol’ the 
region. As shown by mine openings, the rocks arc superficially 
altered to depths of 30 or 40 foot, but this alteration docs not 
result 111 the soft saprohtes seen in other parts of the South, tlie 
rocks being hard and tirm when freshly exposed. In color they 
vary from grey, the more common tint, to purple and green. 
Locally, they consist of massive cpidote rocks of the usual 
pistachio-green color, 

The rocks are all of igneous origin — even the Hoftest and 
most shaly show tins character in thin sections under the miero- 
scopo. But in a few instances only is the igneous nature of iJic 
schists recognizable to the eye. This was observed at llie 
Thomas mine, where a purplish rock is clearly a ])or])hyritie 
meta-andosite. These schists arc cut by dikes of laler igneous 
rock (diabase) The only one seen by the writer was that ex- 
posed ill the Blue Wing mine; other observers, however, liave 
reported the occurrence of other dikes, with difrereni. general 
trends. Apart from the dikes, however, I wamld say, on ilu! 
strength of field-observations alone, that the rocks are ol' 
igneous origin, and belong to the various poridiyries wliieli have 
been discovered in the Appalachian holt. This eonclimion is 
confirmed by the microscopic examination of thin seel ions, 
which has shown the rocks to he altered audesites, Lluit is meta- 
andesites and andesite tufi’s. 

The Veins . — The district has many veins, whieh do not, how- 
ever, commonly outcrop, and cannot bo traced throiiglioui the 
entire extent of tlie district. Those of the High Hill and 
Yancey are exceptions to this rule, having woll-dofined outcrops 
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wliich cun be followed for a mile or more in each. case. In 
drivin^L^ over the region, one notices the abundance of white 
quartz, distributed in well-definod belts which correspond in a 
general waj to the outcrops of the quartz-veins. In general, 
tliere are a large number of veins which are more or less par- 
allel, having a course oT hT. 5° to 10° E, and arranged with 
overlapping ends. These veins cross the country-rock in part, 
and in part are parallel to the schistosity There is no gossan, 
as commonly understood, and the surface-outcrops of quartz 
are not much altered, but arc solid and massive. 

The diHcoverioH ol‘ the past three years show that copper oc- 
curs in almost all of these veins in greater or less quantity. 
The most northerly })oint is the High Hill property, 9 miles 
north oC Virgihna. The Yancey property is an equal distance 
south of this town, and other properties similar in character 
are said to have boon found 5 or 6 miles still further south. It 
is certain, however, that the ores occur in a belt at least 18 
miles in length, and about one mile wide The veins are len- 
ticular deposits othiuartz, comiectod, and forming in some cases 
very uniform continuous quartz-outcroppings at tlie surface. 
The veins oi' the district are not persistent in width, and, with 
the exccptionB noted, it is somewhat douhtful if they are all 
persistent for long distances as continuous bodies of quartz. In 
general, they show a lenticular structure, which is well illus- 
trai.ed by a little example iii the railroad-cut near the town of 
Virgilina. This quartz-seam follows the plane of schistosity, 
and is cut across hy the railroad, so that it shows on both sides 
of the track. Eig. 2 shows the bulbous or lenticular form of 
the (piariz. The decomposition of the schists adjacent to it 
emphasizes this by the concentric shelling of the material about 
it. This structure is seen on a large scale at many of the mines. 
Whore the schists are crossed hy the mam street of the town 
of Virgilina, small stringers of quartz are noted ; and the schists 
adjacent to this quartz show green and blue copper-stains when 
broken open. 

Those veins, like the gold-veins generally, appear to be a 
successioii of lenses connected by strings of quartz. The ex- 
planation given hy Becker seems to be an adequate one, and is 
graphically shown hy Eig. 3, in which a represents an irregular 
fracture traversing the mctamorphic schists, but along which no 
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niovomGiit lias taken place, while the vertical section, />, shows 
the left wall to have moved relatively upward, and (he riii;hi 
wall downward, producing lenticular spaces hy a siinide faulting 
amounting to a very few feet In the case of the Blue' Wing 
vein and others in the same district, the fracture has not been 
a simple one, and the lenticular spaces are in ])art lillcd hy the 
sheeted country-rock. This structure is illustrated in the ideal 
diagram, Fig. 4. 

The veins are all of the lenticular type. The largest show 
outcrops nearly continuous for a half mile to a mile or more, 


Fig 2 Fw. 3. 



Diaj^ram, Illuatiating tlio For- 
mation of Ijciiticular Opoii- 
ings by Movt'inont of Fis- 
sure-Walls, 

and underground workings show a contimious body of (piarfz; 
but even these largest veins have a hulboiis or lenticular i'orm, 
the vein pinching and widening both horizontally and verti- 
cally. The smaller veins show this very markedly, and tlieir 
lenses are often connected hy a mere flm or plate of (piarlz, 
which may he wanting in certain horizontal cross-see (.i on b, ho 
that the vein appears to have given out. In the largest veins, 
such as the High Hill, the outcrop is wanting in certain places, 
probably by reason of this thinning out. 

The veins frequently show a very marked banded structure. 
This is commonly seen near the walls, though it often prevails 
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for the entire width of the vein. This handing is due to in- 
cluded plates of altered schist, which are often so thin as to he 
more films, or dark streakings in the white gangue. These 
films are often marked by ore, and in some cases appear to he 
replaced by dark quartz, unlike the white quartz of the vein. 
Very frequently this handed structure is most marked where 
the gangue consists largely of calcite. It is shown in Fig. 4. 
In some cases it appears as if a slight movement had torn apart 
the walls in a ragged way — as a network — and quartz had filled 
in between the sheets of rock. 


IhG. 4. 



Diagram, Illnstrating the Structure of Veins Formed by the Tearing Apart of 
Sciiist Included Between Fault-Fissures, or Adjacent to Fissures. 

The quartz is commonly cased in a shelly micaceous mate- 
rial, locally called slate. The films are parallel to the quartz 
and wrapped around it. In some cases this material is un- 
doubtedly the schist; but more often it appears to be either an 
altered fault-mud or attrition-material, possibly laminated by the 
pressure of the crystallizing quartz mass. 

The foot-wall is generally well-defined. In the Blue Wing it 
is regular in dip and strike, and shows only slight nndulations. 
The hanging is much less regular, and swells out around the 
lenses. The cross-dike of the Blue Wing interrupts the foot- 
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wall and deflects theliaiigiiig-wall, wliich bcooincs irregular afi 
the vein passes througli the tough rock Tn the Holloway, 
which 18 a cross-vein, the foot-wall is not regular, but rniiH in 
and out as harder or softer bauds of schist arc crossed by the 
vein. 

ShekciisideB were observed where the Blue Wing vein crosses 
the dike ou the 160-foot level. The haiigiiig-wall ol' the Hol- 
loway vein above the second level, north, shows flutings, wliose 
dip is about 70° to the south The ore-shoois have a siirular 
dip. liTo clay selvage was observed at any of the mines, but 
water commonly penetrates the vein along the Ibolrwall. 

The veins have a generally uniform strike of N. 3° in 5° E. 
The Holloway is an exception, running BT. 20° E. ; and there is 
also a cross-vein on the Yancey property. 

Notes on the Mines. — ^Figs. 19 to 22 incluBive show the iiainre 
of the surface-improvements. The following iniiioFi deserve 
special mention • 

1. The Holloway mine, 3|- or 4 miles S. of the town, is the 
largest mine of the district. A branch of the Southern railwjiy 
rims from Virgilina to the mine, so that the ore is now loaded 
directly upon the cars. This mine belongs to W. E. 0. Enstis, 
of Boston, who acq^uired control of it about throe years ago. 
Under the supcnntendency of Mr. Battorshill, it has been de- 
veloped from a prospect-pit, 47 ft. deep, to a mine 300 il. deep, 
and has yielded about 6000 tons of ore, averaging over 12 per 
cent, for the second-class ore and miming up to 30 per cent, 
or more for the Ho. 1 ore. 

The mine is equipped with steam-hoist, pumps and air-com- 
pressor, together with necessary buildings. It is developed by 
three levels, at the depths, respectively, of 75, 150 and 200 ft. 
below the surface. The fourth, just begun, is at the bottom of 
the shaft, 300 feet below the surface. Each of these levels is 
over 100 feet in length north and south of the shaft, Ho. 1 be- 
ing 260 feet long. The vein varies greatly in width, showing 
the lenticular structure noticed on a small sealo iu the railroad 
.cut, and, in fact, repeated in the oro-hody itself. Tt varies from 
3 ft. to 75 ft., or more, in width. In general, there is a fairly 
defined foot-wall, showing a dip of 75°. The hanging-wall is 
less defined ; and both foot and hanging show irregularities, duo 
doubtless to the crossing of the schists by the vein at a slight 
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Jingle, and tlie presence of projections where the rocks are 
slightly Imrder than the usual schists. It should be renaarked 
also that the course of the Holloway vein, H. 15° to 20° E., is 
not that of most of the veins of the district. In the lower or 
third level of the mine, the vein is 12 feet wide at the south 


Fig. 5. 



Face of tlie 300-ft. Level, South, in the Holloway Mine, January 26, 1900. On 
the left, black quartssose ore ; in the center, white quartz stringers in black 
gangue, 

face, and shows white and gray quartz, with epidote and gray 
chalcocite 2.5 ft. wide. Eig. 5 represents a sketch made in the 
mine at this level. Here the hanging-wall is rolling, and there 
is no defined foot-wall. It is also noticed that the quartz sends 


Fig. 6. 



Ideal Horizontal Cross-Section of the Holloway Vein, Showing Quartz Spurs 
following the Foliation of the Country Schist. 

little droppers or feeders into the schists, in stringers parallel 
to the schistostity. This is illustrated in Eig. 6. 

On the third level, S. of the shaft, the vein was lost in fol- 
lowing the foot-wall, so that there is a short cross-cut. into the 
country-rock. Eig. 7 shows the cross-section of the ore- 
hody on this level, to the south. In general, it is noticed 
VoIj, XXX,— -29 
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that tlie vein S. of the shaft is well-dctincd and has good 
walls, up to the first level. Tlie quartz; is cased in a soil, 
micaceous slate, which is not a gouge or selvage in the ordi- 
nary sense, and may be a schist forming part of the (ionntry- 
rock. I regard it, however, as more likely to he due to an 
alteration of the sheared country-rock, since il^ seoms to he 
continuous across differing bands of schist, and to a con- 
stant accompaniment of the quartz On the third level, the 
vein pinches toward the shaft to about 3 ft, and continues 
with this width to the shaft and northward for a short dis- 
tance, beyond which it widens to 6 or 8 ft. in width. North 
of the shaft, the vein is broken by an inclined fanllrplane, 
marked by a mud containing sharp angular fragments of ore 


Fig. 7. 



Sketcli of Cross-Section of the Holloway Vein, as Seen in the 300-ft. Level, Smith. 

and quartz, and dipping E. about 30°. It does not throw the 
vein, though it shatters the walls. 

The ore-body in the third level is altered along cracks show- 
ing films of green carbonates in both the ore and the white 
quartz. In the bottom of the shaft, however, no dewnnposi- 
tion was observed. A prospect-drift, which has been started 
about 25 ft. above the face of the third level, shows a black 
jaspery rock, with crossings of white quartz. There is no 
ore exposed except on the north wall, whore there is a slight 
green stain. 

On the second level south no timboriug exists, so that it was 
not accessible. North of the shaft, a cross-cut 8 ft. into the 
hanging-wall shows hard, finely laminated raicaceous schisis, 
the schistosity of which makes an angle of about 80° with the 
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VOID At tlio north end of this level the vein shows a slaty 
hanging-wall, with quartz feeders running off into it. These 
feeders wedge off* in a few feet, and usually carry ore The 
<][uartz ore-body does not show any marked breccia , hut in 
this, as ill all the mines of the district, there are the usual 
thin, plated masses of decomposed schist In general, the 
richer ore is found near the i“oot-wall Ho definite association 
was observed between the occurrence of ore and the character 
of the various schists cut by the vein. 

On the first level, 75 ft. below the surface, S of the shaft, 
the vein is 133 ft. wide, but converges rapidly in both direc- 
tions. The present output is 30 to 40 tons of ore a day This 
is ] licked and cobbed, and 18 to 20 tons per day are shipped, 
the remainder being thrown on the dump, awaiting some 
means of concentration. An air-compressor, running 7 drills, 
is at work, and a buckct-hoist is used in the inclined shaft. 
The mine is situated on a rather gentle slope, so that 
racihties for dumps arc not especially good About 120 men 
are employed, in two shifts of ton hours each Labor costs 
75 cents a <lay for common miners, and |1 a day for machine- 
drill men, timbor-nien, engineers, and shaft-men Ore-pickers 
and cobbers get 40 cents a day. Colored labor, of course, 
is used, 

A prosiiect-shaft, 30 or 40 ft. deep, known as Ho. 5, has re- 
cently lieen sunk. It shows vein-matter, but no quartz or 
ore. If* situated on the vein, it indicates a sharp twist at this 
point. Tlie Thomas mine is apparently on the direct exten- 
sion of the Holloway vein, though that vein bas not been 
traced continuously to it. 

2. The l’'ancey and Durgy mines ho 8 miles south of Vir- 
giliiia, and arc on the same vein. The Yancey is one of the 
oldest miiicH of the district, and was vigorously worked in 
18i)2, wbon coucciitratmg-works wore erected. Two shafts, 
one 150 ft., and the other 88 ft. deep, were sunk, and some 
ore was extracted. The workings are now full of water, hut 
the present owner, Mr. F. Durgy, expects to unwater the mine 
this year. The old Yancey shaft is large and well-timbered, 
and appears to he in good preservation. The old hoist is not 
covered, and the engine is now rusty The former company 
erected in 1892 half a dozen cabins and a two-story bouse, and 
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a mill, about a quarter mile away According to common 
report, the failure of this company was due, not to lack oi' 
good ore, hut to had management. 

The dump shows the usual gray and purple schist, with 
white quartz and epidote. The ore is gray glance. The 
schists on the dump arc much decomposed and altered l)y long 
exposure, the fragments having slacked down to a railier small 
size, with much soft micaceous dehris. Some carbonate is still 
present, with a little gray copper-ore, spotted with hits of 
honiite. 

Southward from the old Yancey shaft, the quartiZ-veui was 
followed along a very strong outcrop, on a gently rising Hl()[)e, 
to another old shaft, where, however, no ore was i’oimd. The 
course is Y. 3° to 5° E , and, according to Mr. Diirgy, the vein 
has been traced over 1.6 miles S. of the Yancey shaft. Tt has 
been exposed also by a cut, a few feet south of the now opening 
made hy Mr. Durgy. 

A new shaft, now hut 35 ft. deep, is being sunk a hundred 
yards south of the Yancey shaft. The rock extracted is tmr- 
pie and gray schist, with some quartz. The ore is mostly 
carbonates with scattering nuclei of glance and green-stained 
quartz. The rocks in the field near hy are not schistose, hiit, 
occur in angular blocks, 6 to 20 m. across, showing imissivc 
structure without schistosity, and look in pari like eqiidote 
boulders, while they appear to he a volcanic breccia. Tliu open- 
ings are much lower than the office and hmldings consiiitutiug 
the old mining settlement. 

Shaft Yo, 1-64 is a new one alongside of an old pit, one-(piar- 
ter of a mile Y.E. of the Yancey. The foot-wall is a rather 
massive epidote rock; the hanging-, a fissile gray mica schist, 
resembling that common to all the veins. The ore-shoot is 
crossed hy the shaft, and does not appear in the hoitom. Tt is 
about 15 in. wide, the gray glance occurring in white quartz 
with some impregnated schist. The vein is conqioHed of white 
“ filling-quartz”, hut is in part a breccia. 

Tbe shaft is 74 ft. deep, vdth a drift 10 ft. to tliu south, at 
the bottom. Ore and epidote seem to replace square and 
angular fragments imbedded in white quartz. A well-defined 
streak of ore, 2 in. wide, also occurs. In other masses, the 
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gliilUio tippoars in branches of mossy aggregates, which pene- 
trate white (|uarte, or is found in threads in the altered schist. 

3. The Copper World was first opened in 1882, The pres- 
ent owner, Col Stitl, has sunk a shaft 60 ft. deep), with drifts at 
30 and 60 ft It is cquip)p)ed with a small steam-hoist, and is 
we]l-lim])ered. Tbe vein shows the usual wdiite quartz, with 
some (.'pidote, eiieaaod in gray and purp)le schist. But one ore- 
shoot lias been crossed, from wliicli 8 to 10 tons of high-grade 
glanco-orc liave lieen sloped and shipped. 


Fin 8 



Specimen from tlie 'Thomas Mine, Virgilina, Va., Showing White Quartz Enclos- 
ing iShrods and PlatoH of Alteicd Schist (mela-andesite) This piece shows no 
ci'c. Sonic, thrcc-fourLlm of natural size 

4. The Brazier mine is like the “ native ’’ shaft of the Eustis 
pro])orty. It shows no defined vein, but quartz-stringB and ore- 
streakings in cracks and fissnrc-Bcams of a very massive epidote- 
rock. The ore is hormte. The absence of a vein is not a favor- 
able indication, and searcb should he made for a quartz-body 
along the strike. 

6. The Thomas mine, owmed by the Wliitney and Stevenson 
Co., of Vittslnirgh, and opened by Mr. Henry Hyde, is supposed 
to 1)0 on the direct continuation of the Holloway vein, and 
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alootit one-half mile from it. The mine was not working’ at the 
time of my visit, and tlio ore-dump had been pretty thoroughly 
cleaned up A few specimens wore taken, however, i,o show 
its character. The gangne is white quartz, with inchided Irag- 
mciits of slate, which generally show a parallel handing, ho 
that it IS difficult to account for them as rcplaccnieut-miolci. 
Yet such fragments could not exist in open sjiacc, and hciU'C' 
the filling-quartz, which is clearly not rcplacemcnt-qiiari.z, must 
have hoeu largely inserted between the sclnst-plateB. The rock 
here clearly shows its former igneous origin, ami is markedly 
porpliyritic. It is an altered andesite (Fig. 8) 

6. The Anaconda mine also belongs to the EusIih group It 
is close by tlie road, in a field 1.5 miles north of Virgil nui. The 
shaft is 5 by I ft. m width and 140 ft. deep. Tlie or(‘ is a mix- 
ture of glance and gray copper in quartz. The dump shows 
hriglil green schist, largely impregnated with opidoie Rome 
seven car-loads have been shipped from this mine, which varied 
from 8 per cent, of copper in the first car-load to 12 per cent. 
Ill the last five car-loads shipped. The workings and stopi's are 
limited in extent. There is some probability that the luiiie 
will be further developed; but the vein cannot ho said to have 
received a very extensive trial, and the ore thus far oxtnuded 
has come from hut one shoot 

7. The Blue Wing mine is situated about throe miles south ol 
Virgiliiia, and on a different road from the Holloway. Idiis 
mine has bcoii known for at least ten years, and, under lortuer 
management, was equipped with a crude jdantfor ore-dressing, 
consisting of a set of jigs and one Fruc vanuer. ludgiug from 
the tailings soon about the mine, and those hauled into lown 
for macadamizing the streets, it is (piito evident that mucli oJ‘ 
the ore wont into the tailings. The gaiigne, is (piartz and eul- 
cite, hut no sizing was apparently attempto<l, so (hat tin* prod- 
uct of the vaiincr contained as much quartz as or(‘. At 
present the only attempt to dross the ore is by erushiiig and 
washing in California rockers, by which the coneentraieH ari‘ 
raised to 6 per cent, of copper. 

The Bine Wing vein is an excellent example oi‘ a complex 
fissure-vein, in which the space hetwocn two fanli-plmu'S is 
.cloRcly sheeted, the rock occurring in thin, parallel plates, 
which are more or less torn ajiarfc. The ore oecui’s as a fill- 
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iiig iilong narrow clefts between these broken sheets, and in 
part, also, as a minute impregnation of quartz-lenses in the 
altered rock itselt. Delinito evidence of metasomatic replace- 
nnait lias been obtained ; but the bulk of the ore-body is quartz, 
filling; open spaces Tins structure is shown in Fig. 9 Where 
the vein crosses the diabase dike, the fracture-walls are dis- 


Fia 9 



Spoohnen of Blue Wing Ore, Showing Banded Stiucture. The 'white ground is 
caloiLo, with some quwtz in htllo lenscb The solid black is bornite The 
parallel lines represent schist Scale, natural size 

phieed and the fissure becomes a shattered zone between fault- 
planes. 

The shaft is now 180 It. deep, with a 100-ft. and a 150-ft. 
level The 100-it. level, which runs 348 ft. north of the shaft, 
and about 115 ft south, shows a vein of very constant width. 
In fact, from the surface down to the 100 ft. level, it is about 
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3 ft. wido, and sliows well-defined foot- and liangiug-wallH 
The ground has been stoped out within the last two or i.liree 
years, so that no ore is now known above the lOO-ft. level. 

Fig. 10 shows the face at the north end of tlie 100-11. level, 


Fiw 10 



Blue Wing Vein, Face of lOO-ft Level, Noilh. , On the light, gray alate with 
droppers and plates of white quartz In the ceutei, white calcito, ivith Homo 
quaitz, and a streak of bornite. On the left, calcite and quartz, then slate. 

Fig. 11, the roof above the stope, a short distance south of tlie 
face. Fig. 12 , a sketch of the south face of the same level, 
shows quartz-lenses holding ore, and the slate-casing to the 
ore-lenses. This south face shows on the hanging-wall barnai 

Fig. 11 



Blue Wing Vein, in Boof over Stope, above the 100 ft. Level, BfiO ft. South of 
Shaft. On the left, calcitc and a little white quaitz, with dark stioaka of nlaty 
matter and spots of oie. On the right, ore m daik quaitz 

white quartz and calcite, and on the foot dark gray sulphide 
slate with quartz streaks, holding parallel threads or films of 
what looks like slate dotted with ore. Ore (harder atid darker 
in color) also occurs in the casing. The ore-hody oftoji presoiiifl 
a streaked or ribboned appearance, due, not to ernstifi cation or 
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to recent movement of the vein, but to partly-replaced sheets 
of slate. 

In the 100-1‘t. level a dike 12 ft wide cuts across the schists 
and a[)parently cuts oft the vein This dike is followed con- 
timionsly down to the 150-ft level, and there is seen to he 
crossed by the vein, which is not well defined, and consists of 
a mass ot breccia cemented by calcite and quartz. At this 
level also the dike shows unmistakable evidence of sheken- 
Bides and shearing by the vein So far as could be made out, 
there is no vei'y ^qreat decomposition of the dike-rock, but it 
sim]ily carries the vein because the rock is very hard and re- 
sistant. Ho defnito fiiitiiigs were recognized in this property, 


Fic4 12 



Blue Wiufj; Vein, at the Bontli Face of the 100-ft, Level. On the right, slate, 
carrying streaks of ((uaitz. In the middle, haiioii quartz and calcite, with ore- 
stioak in the center On the left, schist, containing quaitz lenses and ore — the 
latter both in independent stioaka and in the casing of the lenses, for J to 2 in 
from the quartz. 

such as wt'i’c soon in the Holloway Much of the vein-matter 
shows included fragments of schist, sometimes angular, but 
more oi'toii in thin slaty masses Following down the stopcs to 
the IGO-ffc. level a continuous vein-section is seen, hut, inas- 
nnicl) as the stopes have been exhausted of workable ore, only 
the barren gaiigiio sbows in the remaining vein The shaft 
was filled with water at the time of my visit, so that only the 
nortb level was aceossihle. Tlic fiice shows a remarkably good 
oxamj>le oi‘ the streaked or banded structure of these veins, 
the contrast hetweon the white calcite and the dark schist being 
especially well marked. Specimens were taken of the dark 
schist impregnated with ore, to show the metasomasis that is 
supposed to have formed the ore at this place 
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8, The High Hill mine, belonging to a syndioal.e oi’ which 
Judge Graham, of Oxford, and Mr. W. T. Harris, oi' Virgilina, 
arc the best-known members, is the only property at the north 
end of the district on which extensive developnieiii lias bcum 
made. Those goiitlomcn own about 1300 acres oF laud north 
of Virgiliiia and several hundred acres south of Virgilina. 

The High Hill property is regarded as the most promising 
of the group. It is nine miles north of Virgilina, and extends 
from the banks of the Hyeo river southward to the cross-roads 
leading from South Boston The tract is the highest m the 
district, being at the cross-roads 276 ft above the I Tyco river, 
a tributary of the Han. The vein is clearly traceable I'rom a 
point only a few yards from the river’s bank for a distance 
south of more than a mile. I walked over the entire distance, 
and found very generally a quartz outcrop, rising from a fiuv 
inches to 3 feet above the surface, and from 2 or 3 to 12 or 15 
ft. in width. In a few places it is broken down, and can only 
ho recognized by a scattered drift. It is remarkably jiorsi stent 
in direction, showing no turnings, and has lioen opened by 13 
shafts and pits, every one of which shows ore At every out- 
crop, a few strokes of the hammer will show earbonate-stains, 
and at one or two of the pits gray copper is found at the sur- 
face. The quartz reef itself is an opaque white quartz, winch 
looks very unpromising and barren, tliough, as just staled, it 
contains carbonate streaks and dims wherovor broken open. 
The only place where the adjacent schiKts have been e.xqiosed is 
at the Ho. 7 shaft, where a pit 20 ft. deep and about 20 fl, 
west of the shaft shows schists impregnated with co])per and 
hornitc Throughout most of tlic property the outcrop is From 
125 to 166 ft. above the river. The seven most, northerly sliaFts 
are well timbered, and expose the vein at de])ths oi' 55 to 110 
ft. This work was done by a syndicate of Bost.on wool-mer- 
chants and capitahsis, who expended a considerable sum in 
prospecting, hiit gave up the property, whereupon the original 
owners took up the enterprise They arc siniemg a shall (Ko. 
4) 140 ft. deep wuth a level at 60 ft rniiniiig 108 Ft. north and 
15 ft south, from which a stopc 31 ft long and 16 ft. high lias 
been raised At 96 ft. a level has hcon run 15 ft south. Ore 
consisting of gray copper with borijite in spots, was soon in the 
bottom of the shaft and at the level. 
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Fig 13 rcprcseiitK tlie sti’iicturc of the north face of the 60- 
fi level. Fig. 14 shows the north end of the shaft at the 
bottom TIju ore-shoot is said to occur along the foot-wall, and 
it ifl commonly believed to have a southerly pitch The ore 
carries traces of both gold and silver, and that found at shafts 
Nos. 1 and 2 is said to average 33 per cent in copper. From 
casual inspection of the ore exposed on the outside, I should 
think ii- fully as rich as that. Its character is the same in all 
the shafts, exee])t, of course, that in the shallow pits only the 
oxidized ores are seen. The bornito decomposes along cracks 
and films to malachite , and iii the ore stacked about shafts 


Fio. 13 



Face of (HJ-Et. Level Vein 8 to 9 ft. 
wide. Boft, lissilo mica schist on iiio 
right. 


Fig 14 



High Hill Vein, Noith Face at 
Bottom of Shaft No 4, Jan. 
28, 1900 Vein 8 to 9 ft. wide 
Ore shown in solid black 


Nos. 1 and 2 masscB of hornite are seen alt.cred to covellite 
and nests of specular irou-ore. Malachite is also ahundaut, 
and drnsy (piartz of secondary formation appears. The len- 
ticular form of the orc-l)ody is shown in the sketch already 
given, and also in Fig. 15, representing the wall of No. 9 shaft, 
fcieveral car-loads have heeu shipped from the High Hill mines, 
hut Diving to the distance from the railroad and the expense of 
hauling ($1.50 a ion), no recent shipments have been made. 

The shafts iioarcet the Ilyco river are 107 ft. deep and are 
eoiincctod by a level 180 ft. long, which is continued 130 ft 
further Boutli — nearly to daylight — from the shaft. No. 8 
shaft is 72 ft. deep and lias a 9-ft. drift at bottom Six car- 
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loads, aggregating 267,000 lbs of ore, have been shiptR'd, and 
averaged about 15 per cent, copper. The ricliest ('iir-load 
showed, on sampling, 27.83 ; the poorest, 7.6 per eeiil. Tlie 
gold and silver values are variable. Occasional lair assajs 
have been made, for iiistaiice, a sample Iroin the sioek-piles of 
first-class ore yielded 8.4G oz. silver and 0 22 oz. gold per ton ; 
but the returns of the car-load shipments show bid a lew ounces 
of silver and an average of but .01 oz gold. 

9. The Dorothy mine, on the west ridge, has two shafts 100 
and 60 ft. deep respectively, with levels at 25 and 100 ft T1 k‘ 


Fig 15 

6 - 8 " 



a bed 


High T-TiU Yein, Virgilina, Va , Exposed in Souili Wall of Shaft No. 9. a, De- 
composed schist ; b, quaitz, c, gi ay schist, altered and showing gusoii copjx'i- 
staiiis , d, reddish decomposed schist 

ore is bornite and glance in q[nartz gangue. One car-load shipix'd 
and several on the dump. Dorcc employed, 20 io 25 men. 

II. The Godd Him-. Tyi'E. 

This type presents fisBure-veins of anriferoiis ([uarlz in uiola- 
morphic schistB, usually parallel to the foliation of iliis seliisls, 
and hence carrying loiiticnlar bodies of ipiarlz, linked together 
by quartz stringerB. The ore is chaicopyrite, vdtli an admix- 
ture of pyrite. 

A large number of copper-hoarnig ore-doj)oHi(,s of Ihti Hmilh 
are gold-veins, which have been, and still are, worked for their 
gold-contents In many of the gold-veins of TTortij Oarolina 
especially, the mines were opened, the oxide ores extracted and 
sulphides encountered at the water-line. At some places, tbese 
sulphides have boon successfully worked as gold-ores. More 
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oil on tlio luino was iiliaiicloiicd when the sulphides were en- 
oountc'rod, ospooially it the ore contained an admixture of cop- 
per ])y riles wliidi prevented successful amalgamation In many 
ol the mines the sulphide-ores were found to contain from 2 
to T) per cent. o( copper, ])ro8cnt as chalcopyrite, A few prop- 
erties ot this kind are now successfully worked for copper, their 
auriferous contents lieing, in most cases, sufficient to give them 
an additional value. Tlie dold IIill mines are of this nature, 
and as they are now being extensively opened and exploited, 
tliey have been taken as a type of the auriferous chalcopyrite- 
veins of the KSouth 

The Gold Bill Mine 

Ijoecidon . — Grold TIill is 14 miles southeast of Salisbury, on 
the Piedmont plateau. The country shows a relief of 200 to 
300 feel, broad stream-levels separating flat-topped ridges, 
steeply Irencdied by lateral drainages. The Gold Hill district 
was formerly densely wooded, but has now been largely de- 
nuded about the rriines and in the vicinity of the few farms 
wliicli dot the region The veins occur on a narrow plateau- 
ridge running K.E. and S.'W., which is about miles long 
and I of a mile wide, the region being hounded by Buffalo 
Creek on tiie west. The veins are in an area of metamorphic 
scdiist), mostly argillaceous, bounded by an intrusive . mass 
of granite on the west and by metamorphosed diontic rocks on 
the east. The schists shows a foliation of H. 30° E. and dip 
73° to 80° W. The veins have been proved to a depth of 800 
feet, and have been traced on tbo surface for more than three- 
fonrihs of a mile. But their outcrops are obscure, and the 
('ontinuity of, the veins has not as yet been established beyond 
doubt. The orc' occurs primarily in quartz; but small amounts 
are found disHeminated through tho altered schists. 

JIMory , — ^Iii a report by the State Geological Survey upon 
the gold-minoH of the State, those of Gold Hill are fully de- 
Hcrihod. It is said that those mines were discovered in 1842, 
which was coraparulivoly late in the history of gold mining in 
the State. They wore worked until 1856, yielding in 14 years 
over 12,000,000 in gold. The sulphides were then encoun- 
tered, and from that time until 1874 about a million dollars 
were extracted, but as tho process of simple amalgamation ex- 
tracted only 20 to 30 per cent, of the value, the ores were re- 
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garded as unfayorable Gold-miumg was practically stopped 
in 1893, and from that time until 1899 no mining was donu. 
The treatment, up to 1881, W'-as with Clnlian niillH and rock- 
ers. At that time a 20-slamp mill was put in An attc-nipt at 
cyanide-extraction was made in 1893, hut without succchh. At 
the Isenhour name, nearby, the ore is pulvoriJicd in a llowlainl 
crusher and coneeiitratod on blankets, and tlio concentrates arc 
washed in log-rockers with quicksilver 

The gold-produet of this district came from a number of 
veins, but tlie main producers were the Eaiidolph and Barnard 
mines, now owned by Mr "W. G. Kowmaii The j'ornuir lias a 
shaft 800 ft deep, and has been practically worked out down to 
the 500-ft. level As developed in mining operations, the 
values occurred in shoots, and one of those proved too rich in 
copper to pay for working by amalgamation as a gold-ore ; so 
that this body has never been stopod. The mine is now being 
unwaterod and, if the reports of the value of tliiB coppor-shool 
be true, it will soon become a producer of aiirilcrous eop])or- 
ores. During the active exploration of the district, a number ot 
shafts 100 to 200 ft. deep and a great many shallower ]ntH were 
made for the extraction of the oxidized froc-gold ores. The 
Dnion Copper Oo.’s tract was explored in Ibis way, and a deep 
open-cut was made on a zone of mineralized and o.vidized 
schist (locally slate) which earned gold. At 25 to 30 lb, cop- 
per was encountered; and the vein received ilie name of ibe 
Big Cut Copper vein, as winch it is montioned in various oOi- 
cial reports. At present, the main ore-supply of the Dniou 
Copper Co. comes from two shafts on this vein, though nine 
other shafts on difierent parts of the property are hoiiig ivorked, 
one of which, that on the Ilunuicut vein, has yielded c.ousider- 
ahle ore, while another, a little off the belt ol' mineralized 
slates, yields argentiferous galena 
Surface Improvements .' — ^Early in 1899 the various properties • 
which had been idle for many yea^-s past were acupiired by Mr. 
JSTewman, and in the past year a complete transformation has 
occurred. The timber has been cleared away ; roads have hcen 
built ; a 6~mile branch of the Southern railway has boon ex- 
tended to the property; old shafts have been cleaned out and 
rotimbored and new ones sunk; and to-day there are eleven 
wcll-cfpiippGd shafts, and a complete plant, embracing : 
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“A Lugo dam const! acted to furnish water for concentiation and othei pur- 
poses, and between 100 and 200 buildings elected on the 1100 acies contiolledby 
the company Of these buildings, theie aie, peihaps, 100 dwelling-houses for 
thewoikmen, a thiee-story hotel, with 50 looms, steam-heated, stables, offices, 
an assay-laboiatory and a complete electric-lighting plant, furnishing light for 
the buildings, loads, sliaft-hoiises and undergiound woikings Also, power- 
house cont.uning ample boiler-power, laige duplex aii-compiessors, a saw-mill, a 
blacksmith shop, a machine-shop with some 40 by 70 ft. of floor-space, and well 
equipped witb latlics, pipe-cutting and allnecessaiy tools and machineiy 

“In addition to the large pood, coveiing several acies of ground, tbeie are a 
iiumbei of sra.ill ponds upon tbe streams which flow into the cieek from the east- 
waid There aie 12 or 14 shaft-houses, upon as many old oi new shafts, now be- 
ing simultaneously sunk, and the outlook fiom the porch of the office-building on 
the summit of the lulls lominds one of a laige and piospeious Western mining 
camp These shaft-houses are all well equipped with powei- and hoisting-engines , 
and the shafts are well-timheicd and have excellent ladder-ways 
“ The most important building, peihaps, is the large concentratoi, now practi- 
cally completed on tlio plans of Earle C Bacon, of New Yoik City, and placed 
immodiatoly beside the lailioad-tiack, so tliat fuel and ore can be lun diiectly in- 
to the hiiildiiig fiom the oais, and concentrates oi other products shipped out 
The buihling is constructed entirely of oak, which timber exists in unlimited 
quantities in this part of Noith Caiolina, and sticks of almost any length and size 
aic delivered at a ridiculously low piice 
“ There is probably no liettcr-built concentrator anywhere, so far as the build- 
ing 18 concerned ft is located at a point where the ore from the most important 
sbafts, which aio all on a higher level, can be run by gravity to the mill From 
tho dump it will be carried by self-emptying steel skips up an incline, the powei 
being furnished by a doulflc-cylmdei leveisible engine One skip will ascend 
with a load, dnnqmig automatically at tlie top, while tho empty one descends 
The 010 passes through a chute into a 30 by 13 in Farrel ciusher, having a ca- 
pacity of 400 tons per day of 24 hours From the crusher the ore passes to a sort- 
ing- or picking-table, wliere the No. 1 copper -oic will be sorted out, as its con- 
centration will be unnecessaiy Barren slate will also be lemovcd at tins point 
The second grade remaining on the table will pass thiough revolving screens, the 
coarse portion going to two 20 by 6 in. crushois, and then to two rolls , the 
fine from tho screens going direct to the same lolls, which are 30 by 15 in. in size 
The ore from tho lolls is earned by belt-elevators with steel buckets into four 
sizing-screeus; tho coarse portion leturns to the crushers , the fine poition, after 
passing six hydraulic classifiers, will pass to 12 Wilfley tables , there being one 
sizer for each paii of tables From the tables the slimes or tailings will pass to 
buddies. In little things, as well as m the larger points, no money has been 
spared For instance, the bearings aic all adjustable and self-oiling , the shafting 
is of steel ; the pulleys are of the split pattern all belting is of five-ply rubber, 
except the driving-belt, which is of leather 

Tho plant is (Iriveii by a Corliss engine, 18 by 22 in cylinder, two 100 li. P. 
boilers furnish tlie steam. The concentrating-tables, it may he said, dre run by 
an independent engine. Tho plant is lighted throughout by electricity.” 


^ “The Union Copper Mines, Gold Hill, N C by Dr A. R Ledoux. Uny 
and Mm. Jmr,, Feb. 10, 1900, p. 167. 
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The jRoeJfs . — The rocks of the region arc greatly (U'coiupoBod, 
and, except where exposed in the banks of ravines, luive weath- 
ered to reddish-white or rusty slaty debris. The fresh niateriul 
from the mine-workings is, however, gray or blue m color, and 
vanes from a very dense and hard siliceous gneiss to soft l.al- 
eose material. Under the microscope the rock shows a mixliirt; 
of quartz and biotilc with some hornblende. The (piartz is very 
finely gi aniilar, but holds vomlets and spots of coarser grain. 
There is much pyrite, usually associated with the green horn- 
blende 

Vem-Phenomena , — A mineralized belt extends along the edge 
of the hill, from the mines seen in the village of (hdd Tlill, Ix'- 
yond the Union Copper Co ’s workings, in a direction generally 
parallel to the schistosity of the rock. There are lesser veins, 
recognizable m part by outcrops and in jiart by old prospect - 
pits, which run across the banding of the schist and end in the 
belt mentioned. As a rule, the so-called gold-veins are recog- 
nizable only by the greater amount of iron staining the weath- 
ered roeks; and the few visible outcrops of quartz are barren of 
value and do not form well-marked veins Thai the veins of 
the district arc true fissnre-veins and continue in length and 
dip, is clearly proved, however, by the workings of the Bar- 
nard and Randol|)h mines nearby. 

The exact nature of the copper-deposits and their relation 
to the schists have not been conclusively determined. So far as 
the writer was able to observe, the orc-shoots conform in dip 
and strike to the secondary schists, and pitch to the north 
They show no banding. Composed largely of a distiiuilly and 
finely granular dark-gray quartz, with patches, spots and 
streaks of ore, they present little or no crystalline or massive 
white or transparent quartz, such as is commonly seen in 
qnartz-veins, and is usual in the auriferous “ stringer-lodes of 
the South. A large part of the oro-sboot consists of a breccia 
of fragments of hard, white, silicified sebisi, enclosed in quartz- 
ore, showing conclusively that the slates wore sbaticred and 
breccia-zones were formed before the orc-boaring solutions be- 
came active. 

The ore-bodies show no well-defined walla, clay-slips or seams. 
They have, however, been fractured by later movements, as is 
shown hy vertical fractures which serve as conduits for do- 
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ing from the formation of the first fissures. These fiat fissures 
dip south at 20° from the horizontal. 

The occurrence of the ore-shoot of the Big Out or Union 
vein IS apparent from the plan of the mine-workings, Fig. 16, 
redrawn from the illustrations of Dr. Ledoux’s paper, and from 
their vertical projection, Fig. 17. The irregular workings are 
the result of an inadequate comprehension of the nature of the 
deposit during the early development of the property. 

The only ore-shoot exposed at the tunc the property was 
visited (Dec., 1899), showed a length of about 150 ft,,, and 


Fig. 17. 



Projection on a Vertical Section-Plane of the Workings of the tTtuon t'opyor 
Mined, Gold Hill, H. C , from the Big Cut Shaft to the Ptimp-vShaft After 
Hr A. E Ledoux Scale, approximately 100 ft. == 1 in. A, Big Out Khaft ; B, 
pump-shaft , S, S, stopes ; T, lumiel soutli towards the Townaond shaft. 

a width of 20 ft., and extended from tlie upi)or level to tlu! 
deepest workings. Average samples taken by Dr. Ijudoux 
showed the following values : Ore from the 130-fi. level, 4,42 
percent, copper, 3 oz silver, 0.20 oz. gold; and for a width of 
26 ft. across the shoot on the t66-A. Jewel, 3.70 per et'ui. (sop- 
per, and a trace of gold. 

During the six months preceding Jan. 1, 1900, nearly 60 
car-loads of 30,000 pounds each were shipped. The ore was 
hand-sorted, and carried between 10 and 16 per cent, of copper. 
The ore needs concentration, however, and upon the succoBBi’ul 
working of the mill depends the future success of the properly. 
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As already o])servcd, the company is working and sinking 
cloven shafts, nine of which were visited. At only four shafts 
had any coppor-oro hecn eiicomitcred. The Big Cut shaft was 
221 ft. deep on the incline (195 vertical), and the Pump shaft, 
213 ft distant, more than 200 ft. vertical The shafts are all 
large, well-timbered, and show but little water. 

Charr(ri(>r of the Ore , — The ore below water-level consists of 
pyrite, chalcopynie and quartz, with occasional bunches of ga- 
lena and blende. The pyrite is in broken shattered masses, in 
part cemented by chaleopyritc, which is distinctly later in ori- 
gin, and surrounded by quartz of coarser grain than the mam 
mass of the ore The extreme upper part of the vein is leached 
and barren of copper, but has been worked for its gold. Below 
this rusty weathered zone, the vein shows marked alteration ; 
the quartz and schist are dull, shattered and rust-stained, and 
(‘arry blue and green carbonates, cuprite and native copper — 
the oxide often m beautiful crystals. Below this, the ore-body 
shows opaque white quartz of a sugary or hour-like texture, 
carrying sooty black sulphide of copper, and passing into the 
oxidized ore where pipes and water channels extend down into 
it. This partially altered ore contains crystallized and mas- 
sively crysialline and dull chalcocite ; and nucleal masses of 
copper pyrites may ho seen, surrounded by all the alteration- 
products mentioned. The alteration takes place especially along 
the v(5rti(!al fractures, and those dipping at 20° which connect 
with the verticals In general, the vertical issures are marked 
by oxidized material, leached of copper, even down to the 150- 
ft, level — which fact leads to their designation as gold-veins. 
The iUit-dipping fractures nsiially show red oxide and sheets of 
native copper. While there is no sharply defined limit to the 
zone of enrichment, the orc-ahoot is markedly enriched for 
from 15 to 20 ft, above the sulphide-ore. 

OrUjm of the Ore . — The ores show no banding or crustifica- 
tioii, hut do exhibit a hrecciatod structure. The quartz is not 
massive ; and the ore-hearing quartz has not the characters of 
quartz filling an open cavity. On the contrary, a study of the 
occurrence of the ore in the mine, and of specimens, indicates 
a replacement of schist by quartz, or a reifiacement of the ferro- 
magnesian mineral by ore. The study of thin sections shows 
that a mass of silicified schist, holding pyrite, has been shattered 
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by fanltrinovement, aud chalcopyrite, together with a little ga- 
lena and blende, and a new growth of qnarte have been dcpoHited. 
The chalcopyrite has been altered in part to bornite, and to 
glance near the water-level, or to cuprite and lualachiie and 
aznrite, when oxidation has been more pronounced. 

Notes on the Mine- Workings . — ^In the ITuimicnt Hhal’t, which is 
120 ft. deep, on a gold-vein parallel to the lirHt, the ore is sim- 
ilar in character. A few car-loads have been sln])])ed from (his 
vein, but the shaft shows slaty rocks dipping at 80°, and no 
very well-defined ore body was seen at the bottom. The west 
wall IS schist, cut by planes dipping 30° IT., and coiTcspon fl- 
ing in appearance to those cutting the quartz-pyritc ore ol' the 
Big Cut vein. A little quartz with calcite was noticed in the 
bottom of the shaft, where the schists forming the walls are 
very soft and leafy. A cross-cut 10 ft. above the bottom oftlu'. 
shaft runs 8 feet east, and shows from 3| to 4 feet ol' good cal- 
cite-ore, very plainly defined by a thin in. to 1 in. scam of 
soft clay gouge on the foot-wall and hy a scliist hanging-wall. 
Another level, 60 ft. in depth, shows a louse of calciio-orc with 
bornite which is said to appear both sides of the shal't. The 
rocks here are soft and hard gray sericite-scliistK, in part im- 
pregnated with pynte, hut showing chalcopyrilo only when^ 
the schists arc replaced by quartz in spots or slrings. 

Eight other shafts have been sunk upon the ifropcrty to dcptliH 
of from loo to 176 ft., but up to the present time the three 
mentioned, together with the Silver shaft, arc the only ones 
which have yielded any ore A couceiitrainig-planl with 10 
Wilfiey tables is now being erected, and oxcavaiiouH were being 
made for a smelter at the time of my visit. The future of the 
property is as yet somewhat problematical, as many oi'tlie shaftH 
are being sunk on untried veins, in which ore-hodios have not 
yet been struck. It is quite sale to assume, however, from ex- 
perience in the neighboring Randolph and Barnard mines, from 
which the gold of the district was produced, that large bodies 
of chalcopyrite ore exist, and that the percentage of cop()er is 
high enough to pay for extraction if the work is carried on in 
an economical manner. Ho visit w'as made to the old Randol})h 
mine, as the property was full of water and would not ho 
pumped out for some weeks. This is the mine whicli is sunk 
to the depth of 800 ft, and which carries ore in woll-deliiied 
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shoots, OTIC ol which was too rich in copper to pay for working 
when the property was operated as a gold-mine. 

The Silver mine, which is situated somewhat to the east of 
the other veins, was worked fora number of years on account 
ot the large mass of galena found there. The rocks are seri- 
cite-HchisiH, very soft and greasy in feel and appearance ; and 
llic ore IB a galena, usually hne-graiued, often occurring as an 
impregnation oi schists, and found in lenticular masses parallel 
to the RchistoRity. No well-defined vein was recognizable, nor 
IB tliere any well-defined wall. The gangiie is barite, calcite 
and liydrouH micas, one of which is bright green in color. 
Several car-loads have been shipped from this property, but the 
worldngH visited cannot bo said to offer a definite assurance of 
a large output in the future. 

Other Deposits of the Gold Hill Type. 

In Ihilleiiii No. 3 of the North Carolina Geological Survey, a de- 
scription is given of a number of auriferous veins of the G-old Hill 
type. Many of those mines, which have in the past been worked 
m gold-mines, and are so described m the report, have shipped 
more or less copper-ore, and, at the present price of copper, may 
be opened as copper-mines Perhaps the best known is Copper 
Knol), 111 Ashe county. North Carolina. This mine has been 
worked at various times as a copper mine, but is now closed 
The sliall is 140 feet deep, and shows chaleopyrite and pyrite 
in a (piarte ganguo.* 

The Conrad Hill mine, 6 miles cast of Lexington, shows 
quart/i-veins in fine-grained, thinly laminated, argillaceous 
schists striking N. 10° to 20° E , and dipping 80° to 90° N. W. 
The ore iw a chalcojiyrite in quartz, and carries some iron car- 
honatcB.f 

Salisbury is the center for a considerable niimher of gold- 
mines lying from 6 to 20 miles distant. A number of these 
contain large amounts of chaleopyrite, as, for instance, that of 
Cold Knob, 0 miles, Hutch Creek, 10 miles, the Reimer, 6 miles 
southeast of Salisbury, on the Yadkin river, and the Bullion, 
one-half mile east of the Rcimer. None of these properties 

^ Bullotm BTo. 3, N 0. OeoL Sur , p. 180 

i Bulletin No 3, p. 62 ; also, “Ores of North Carolina Geol Sui o/N G, 
1887, p 214 
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have been worked in recent years, and up to the prcHent tune 
none of them have been opened as copper-deposits. From all 
that can be learned concerning their ores, they are likely to 
yield from 2 to 3 per cent, of copper 

blear Jamestown, IST C., there are other idle properties wlneli 
have yielded in the past more or less copper, although eurrciilly 
reported as gold-mines. The Gardner ITill mine is 2 to 3 miles 
north of east of Jamestown. It is a true vein, raiiiiiiig M, 20° 
F. with a westerly dip. Tlie fissure is 3 ft, wide at the top, })iil 
tapers to 8 in at 80 ft. in depth. It sliows 6 to 12 in, ol (piart,^^ 
in granite. There is much chalcopyrite ])reHont. When tlu' 
copper-ore was first encountered no olfort was made to extract 
the gold. For a long time 40 ions a week of yellow copi)or-<ir(‘, 
averaging 20 to 26 per cent m copper, were Hliipped Tlioru 
are five shafts, of which the deepest is vertical and 258 Jt 
deep. Three veins are known to exist on the property. 

The North State copper-mine is 2 miles west of soutli of 
Jamestown. The lode is from 4 to 8 ft. wide, and is traecablc 
for 3 miles. It was worked in 1883 to a depth of 325 feet. 

ITT. Tub Ducktown Type 

The third type of deposit comprises the pyrrhoiiie veins 
found at various localities along a bell in the Allegluuues Iroiu 
Alabama to Virginia, and of which insiaiicoa occur in Verniout 
and Canada The best known locality, and the one most, thor- 
oughly explored and studied, is Ducktown, TeiniesHet*, for 
which reason this very distinctive class of deposits is called the 
Bnektown type The deposits occur in fissure-veins in ttuda- 
morphic schists, the fissures rumiiiig nearly paralkd (o the 
schistosity. The rocks are of sedimentary origin, as shown hy 
field-study and microscopic slides, but all ordinary eh a mulers 
of sedimentary rocks arc gone. At every locality ibu vi'ius are 
Jistingiiishod by great caps of limonilc gossan, now iitilii^ial as 
a valuable iron-ore. Dciieatli tins is, or rather was, the echo 
of the black sulphide-ores now exhausted, while the unulterud 
vein-matter conBists of pyrrhotito, carrying spots and patches 
of chalcopyrite with more or less pyrito, the latter miiieral ho- 
coniing so abundant in some vehiB as to predominate. 

See albo Eumiom’B Beport, "Geology of Midland County, Nurtli Carolina," 
pp, 174»() 



COPPEE-DEPOSITS IN TEE SOUTHERN UNITED STATES. 481 

These deposits are enclosed in schistose or slaty rocks, 
which, though similar in superficial appearance at the various 
localities, are of very different character and origin. They 
have long been regarded by many writers as examples of 
bedded deposits, since they often show a lenticular shape and 
arc usually conformable to the foliation of the rocks. There 
is, however, good proof that many of the deposits are along 
lines of dislocation and may be regarded as true fissure-veins, 
probably of rcplacemenhtype The orc-bodies whose neigh- 
boring outcrops form the “ great gossan lead '' of southwest 
Virginia, arc of this class, as arc the Ore Knob and Elk Knob 
deposits of the mountain region of western Korth Carolina, 
and Stone Hill, Alabama. Their distribution is shown upon 
the accompanying map (Pig. 1, p. 461). 

The JDueJetown Mines. 

The Ducktown district is situated in the extreme southeast- 
ern corner of Tennessee, in an open basin enclosed by bound- 
ing mountains on the east and west, the Ocoee River on the 
south, and a broad plateau-level on the north. The ore-de- 
posits occur in a belt about 2 miles wide and 4 long, their 
general distribution being indicated upon the accompanying 
map The rocks are gneisses and schists, usually weathering 
readily, so that outcrops are rare, and disintegration commonly 
extends to a depth of 50 to 90 feet. In the best exposures the 
prevailing rocks are micaceous and very finely puckered. They 
arc of sedimentary origin, as determined by field relations and 
by an examination of slides by Prof. Kemp. They are regarded 
by Keith and Campbell as the lower part of the Ocoee series 
of prc-Cambriaii age. The schists have throughout the district 
a very uniform strike of K. 20° to 25° E , and dip 50° to 55° 
E. The original bedding-planes are supposed to conform to the 
Bchistosity. The ore-bodies occur in veins nearly parallel to 
the foliation of the rocks. There is a difference m dip ; and 
the writer has observed the vein-outcrop crossing the schists 
at the Blue Ridge property. There has been secondary frac- 
turing and faulting of the veins since their formation ; and the 
lenticular form of the deposits is ascribed by Hcnrich* to these 


* Trans , xxv., 173 
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faults. The veins vary from a feAV feet to 150 feet in width, 
showing a solid mass of ore for the entire distance. They can 
commonly he traced for distances of a mile hy surfaco-outeropH ; 
and the most northeasterly vein, the Burra Burra, has Iuh'd 
followed by hlack-copper workings for two miles. The obser- 
vations of ITcnnch upon the structure and the rceords ol' the 
diamond-drill borings agree with the ohservatioiis of Kemp and 
of the writer that the deposits till fissure-veins. 

The different ore-hodies differ considerahly in <'haraei,er. 
That of the Isabella mine is so pyritous that it has not been 
worked for copper since the extraction of the secondary hladc- 
copper ores lying along the water-level. Tlio Burra Burra and 
London veins have less pyrite than the Isabella and a larger 
amount of ehalcopyrite and pyrrhotite, while the Mary-Bolk 
County ore is pyrrhotite with little pyrite. The copi)er-(‘ont,eiit 
IS greater in the pyrrhotite ores, and in a geuoi'al way may be 
said to he proportioned to the amount of pyrrliotitc of the ore- 
hody as a whole. It will average 3|- per cent, in the ore as it 
goes to the roasi-lioaps, varying in the mine from about 1 ])t‘r 
cent, to 6 or even 10 per cent, in occasional bunches. The 
copper-value lies in the ehalcopyrite, scattered through the 
pyrrhotite in small grains and films, and more rarely ocemrring 
in bunches. 

The vein shows a notable lack of quartz, and consists essen- 
tially of iron sulphide for the entire width of 20 to 100 fed-. 
Although the ore-body is said to ho iiyrrhotilo, it varies in 
purity and value, and is not always workable. This is in part 
duo to the larger proportion of the aecossory mmorals in the 
ore, or simply to a lower percentage of copper. More or less 
quartz in clear, rounded grains, tretnolile, etc., occurs iti what, 
appears to he solid pyrrhotite; and in the leaner ore thest^ in- 
crease in amount. Bunches of white quartz fiov('ral leet aeross 
are sometimes encountered in tlic main inasH of or(‘, while lay- 
ers of slaty ore are found parallel In the walls. Ilornhlende 
ore — a mass of iiiterlaeod liornblondo crystals wit.h the o[)en 
spaces between filled hy sulphides — often appears along the 
wmlls. 

The structural characters of these ore-bodies show that they 
fill fault-fissures, which follow the foliation, and eorrcsjioud to 
Blip-planes between the “hods.” This inovemcni ])robal)ly 
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fiirmsliecl a channel for waters which attacked and replaced 
the more or less lenticular masses due to a regional metamor- 
phisin of an original calcareous shale. 

Tins was largely altered to a mass of trcmolite, zoisite, gar- 
net, etc., such as IS commonly observed as an alteration-product 
of impure limestones where such rocks have been metamor- 
phosed. These louses, shattered by the fault that preceded the 
formation of the ore-body, were attacked by cirenlating waters, 
and the non-sol able constituents were dissolved away and re- 
placed with pyrrhotite, etc. 

Tins supposes an original swelling out and contraction of the 


Fig 18 



Films of Native Copper and Cnpxite in Fractal e-Seams in Greenstone (Meta- 
Basalt or Catoctm Scliist) 

oro-hodiGs, a sort of lenticular structure. This has been modi- 
fied by faults since the formation of the vein, to which faults, 
in part at least, the present lenticular forms of the ore-bodies 
so far worked are due. The ore-body is thrown by these faults, 
and it is to these movements that the ore probably owes its 
somewhat schistose structure, and not to original replacement 
The flat fractures which part the ore, and are in some places 
marked by films of calcite or quartz (later than the ore), are 
holievod to he strain-cracks such as would form between two 
parallel shears. 

The following detail-notes were made during a recoiinais- 
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sance-visit to tlie Bucktown district in Bcconibor, 1899. The 
English company, “The Bucktown Sulphur, Copper and Iron 
Co.,” is operating the Mary mine and the Calloway shah, the 
latter being merely a prospecting work, not now shipping any 
ore. The Tennessee Coppier Co , which owns all the elaiiuH 
not owned hy the Bucktown Co., is operating the Jhilk County 
mine, preparing orc-roserves to he used when a Rineli,cr is 
operated, and putting down new shafts at the London and the 
Burra Burra properties. The same company controls the old 
Tennessee mine, which is not, however, heing worked. In the 
London and Burra Burra properties, the new shafts are being 
sunk at an incline of 75 °, following down a hand of gneiss 
parallel to the ore-body, and 100 ft. hack in the foot-wall. At 
100 ft. below the gossan, the first cross-ent will lie driven to 
the vein. The only deep workings now acceRsihle are those 
of the Polk County and Mary mines, which adjoin one an- 
other in the same vein. The Isabella mine is shut down and 
the Teiinesaee is flooded. The Teiinesseo Co is said to be 
making arrangements to treat a daily output of 1000 tons oi‘ 
ore; the Bucktown Co. is now smelting 300 tons of roasted 
ore per day. The situation, geographic and topographic fea- 
tures of the district and its history arc fully treated in the 
paper by Mr. Henneh, from which the foregoing account has 
been largely drawn, and which presents many geological ob- 
servations and a full account of the metallurgical treatment at 
the Isabella property in 1895. The treatment at tlu^ lu’csent 
time is practically the same as that described hy him, and tlie 
development-work in the mines is no further advanced than it 
was at the time his paper was written, save only that the stopcs 
arc very much larger, and large bodies of low-grade ore have 
been extracted which in former years wore considorcel too loan 
for treatment. The deejiost mine is the Mary, the liottom of 
the shaft being 350 ft. below the collar. The levels are driven 
at 10, 20, and 30 iathoms respectively, the basis of measure- 
ment being the top of the sulphide ore-body. The brief time 
devoted to the examination of the mines made it necessary to 
confine my examination to the observation of the more salient 
features of the region, and for this purpose Mr. Ilourich’s 
paper was taken as a text, and his observations were repeated 
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to determine wlictlier the writer agreed with the explanations 
given l)y liim. I shall, therefore, take up the diiferent features 
in the order in which they are given in his paper. 

The micaceous schists and gneisses of the region are unques- 
tionably metamorphic in origin, and I am informed that both 
Arthur Keith and Prof Van Hise, who visited the region 
three years ago, found evidences that the rocks are part of the 
Oeoco series, thougli they form the older part of the forma- 
tion, which has as yet received no name. They show evi- 
dences of faulting, the schists are intensely puckered and 
crumpled, and the district does not belong to the region in 
which the Appalachian folds have been described, as these 
foldings are only those of the later sedimentary rocks Of the 
two faults supposed by Mr. Plenrich to bound the basin on the 
east and west, I find no evidence whatever. Moreover, the 
careful work of Mr. Arthur Keith, of the XT S, Survey, shows 
that no such fault exists. For this reason I cannot believe 
that the ideal section given by Mr. Henrich represents any- 
thing more than a mere conjecture on his part That the 
faulting ill the vicinity of the ore-bodies is due to the sliding 
of gneiss and schist one upon another, seems to be borne out 
by my observations. The fault-fissures follow the foliation 
of the rocks, but there are also other faults which clearly 
cross the banding of the rocks. That the walls of the ore- 
deposit of the Mary lode are fault-planes is not, I think, en- 
tirely proved by the present exposures. 

In the upper workings, both of this vein and that of the 
London property, the hanging- and the foot-walls are well 
exposed in the gossan-zone, and are clearly defined. In the 
Mary mine, lioivever, there is a gradation from ore into country- 
rock which api)ears to be the result of a metasomatic replace- 
ment. That post-mineral faulting has occurred, however, in 
this ore-body is plainly to be seen by the slickenside surfaces ; 
but such faulting is in general at an angle more or less acute to 
the true boundary-wall of the deposits It should be noted, 
however, that in these workings the large bodies have been 
thrown, and the supposed walls are in part, at least, post-min- 
eral faults. The so-called Ferguson level, along which Mr. 
Henrich made his observations, showing a banding of the schists 
close to the ore-body, indicating a fault, was not visited by 
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mo, but all reports contirm the statement that tlie Rclusts 
curve toward a fault-plane, which is believed, however, to be 
post-mineral in ibrmation. 

The largo size of the ore-bodies makes a critical examination 
of the property very diflicult Ohanibors tfmn 50 to 150 ft. 
across and from 25 to 150 ft. high are not timbered, and ilieir 
walls arc precipitous, without ladders Even with the aid of 
magnesium-light, the details of structure were not (dearly 
observed, owing to powder-smoke in the air. There is, liow- 
cver, a certain schistosity to the ore w^hicli is plainly ajijiarent. 

The flat-lying planes of which Mr. irciiricli speaks, and 
which he believes to limit a downward circulation of surface- 
waters, are quite prominent, and are very well marked in min- 
ing, as the ore breaks to these planes. They are not constant 
111 direction or in angle of dip. In the only instance in whi(di 
they could be traced to an undoubted fault-fissure they c-urvod 
into the fissure and seemed to be plainly part of the fault-move- 
ment itself, having been formed bythe stress incident to tlu‘- slid- 
ing of the mass of ore along the fault-plane — a phenomenon (;om- 
mon, I believe, in other rocks. No clay gouge or faiilt-hreccia 
or other evidence of faulting was observed along the bounding- 
walls of the deposit, except where post-iniuoral faulting had 
occurred; and in the latter instance such products of fault- 
action are not at all prominent. Large masses of (piartz oe.cur 
in dificereiit parts of the ore-body ; and this quartz is usually 
white and not perfectly transparent. In the mass of the ore 
itself there is little if any horiihlende (trcmolitc), a.n(l ihes ore 
consists essentially of pyrrhoiite, with scattered and geiuwally 
minute grains of chalcopyrite, and in some portioiiM more or 
less pyrite. Horses of included schist occur, and in such (iases 
the rocks are thoroughly iiniiregnated with the Hnl])]iideH, and 
often show, near the contact, more or less hornblende, (larnet 
and calcite are common also about the borders of theses iiududed 
masses, and also at the borders of the main ort‘-body. The 
hornblende-ore itself is commonly taken out upon the borders 
of the ore-body, though in some instances the cleaner and 
richer ore carries a little hornblende scattered through it, as 
well as rounded masses of transparent quartz. The garnet 
and caleite are clearly gaugue-minerals, and the ore occurs dis- 
seminatod through them. 
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Blue Wing Mine, Granville County, 
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Thomas Mine, Person County, N. C. 
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High Hill Mine, Halifax County, Va. 
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Tlie decomposition by surface agencies of both these ore- 
bodies and tlicir enclosing rocks is very marked The softer 
crystalline schists are decomposed to a depth of 50 to 60 ft , 
and the ore-bodies to a depth of 50 to 00 ft. The observations 
from which these data were obtained were made in the new 
shafls ot the Tennessee Go and in old shafts which arc still 
accessible. In this decomposition of the lode, the upper part 
of the ()rc-l)ody is converted to a very pure red limonite, run- 
ning from 50 to 00 per cent, in iron, and affording numerous 
masses of iron ore, one of which is now being mined at the 
Isabella property, 25 to 30 car-loads a day being extracted, all 
of which goes to Kentucky and Tennessee furnaces. 

Beneath the gossan there is an irregular body of black 
copper-ore. The thickness of this black copper varies from a 
few inches to 8 ft or more. It is extremely irregular, has 
the consistency and color of ashes, is easily worked, and has 
been practically entirely extracted from all the ore-deposits of 
the neighborhood A careful examination was made of the 
old black-copper workings of the London mine, in order to 
determine the character and extent of decomposition, and 
whether the secondary enrichment of metallic sulphides which 
had taken place in this district was similar to that of other 
localities. The material itself is extremely unpromising in ap- 
pearance. It shows no clean mineral, and no recognizable 
copper glance la visible. The analysis made by Hermann 
Credner showed, however, that it consists in part of black 
oxide of copper and of copper-glance The samples brought 
in by the writer are yet to be studied. In the black-copper 
zone the evidence of downcoming waters is unmistakable. The 
workings are still moist, and the waters are extremely acid, and 
are attacking everything within reach at the present time. The 
most uoiable decomposition is perhaps that observed of hunches 
of clear cpiartz which are being altered to a silky sericite-like 
mineral. The schists are leached and changed to white, lus- 
trous inic.aceous masses, and the hornblende is altered to silky 
Bcricito. 

According to Kemp,* solutions acid with sulphuric acid 
attack silK'atGH such as feldspar and biotite, remove alumina or 

^ “ ()re-Dei)ositB of tlieU. S. and Can.,” 1900, p 45 
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change it to kaolin (?), and canee the separation of free silica. 
That some such process is actually at work in the superficial 
alteration of the Ducktowii ore, no one who has studied the 
lower part of the gossan can for a moment doubt. The down- 
ward-seeping waters, carrying iron and copper sulphates and 
acid with H^SO^, are depositing small amounts of silica, and in 
one place noted by the writer are cementing the sand formed 
of grains of disintegrated quartz. It is difilcult to understand 
the disintegration of the occasional masses of white, massive, 
eoarsely-crystalline quartz of the ore-body. This is seen 
changed to a granular, loose-textured mass, with decided 
lamination or lining, this arrangement being possibly due to a 
shearing of the unaltered quartz, as we know the ore-lK:)dy 
shows evidence of general shear. It is, however, difficult to 
explain the occurrence of quartz pitted and eaten into by the 
waters, and showing nests of feathery sericite (?). 

The zone of decomposition is not limited by the fiat planes, 
as supposed by Mr, Henrich, but follows in a general way a 
plane parallel to the contour of the hill, showing that it is 
simply the downward limit of surface-waters. The floor of tlio 
old black-copper workings is extremely irregular, and in general 
runs down along the foot- and hanging-walls of the pyrito-bod- 
ies, so that the black oxides were found at depths of 5 to 20 ft. 
below the top of the sulphide body along the walls of the de- 
posit. The samples obtained showed residual kernels of the 
unaltered pyrite, with the usual black or sooty decomposition- 
products, so common where sulphides are altered by surface- 
waters. A careful search failed to show the presence of a floor 
of quartz lying between the black copper and the unaltered sul- 
phides. Quartz was, it is true, found at several places, but only 
where it had clearly been brought down by the descending 
waters, or where it was the result of primary mineralization and 
had been simply left in the alteration of the deposit. More- 
over, a very careful study of the many flat flssiire-planos seen 
underground in the unaltered sulphides failed to show tlic con- 
stant presence of quartz. Where it was found, it was appar- 
ently of no greater significance than the occasional fihns of cal- 
cite seen along such planes. If, however, my hypothesis is 
correct that these flat planes were formed by post-mineral fault- 
ing, the occurrence of such minerals as calcite and quartz 
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is accounted for by the action of waters descending 

along the main fault-fracture and penetrating these flat-lying 
planes — a process winch is undoubtedly now going on, as the 
only waters in the mine are those coming down such fault- 
planes. The mass of the ore-body is itself remarkably free 
from water, in fact, there are no vertical fissures or other 
water-channels to deeper levels, except the fault-planes just 
mentioned. It is not, I think, positively determined that there 
is no horizontal sheeting of either rocks or ore-deposit, limiting 
the surlacc-waters No banding or crustiiication was observed 
in the ore-bodies ; and the evidence seemed to show that they 
are replacement-deposits and not the filling of open cavities. 

I could not obtain the diamoiid-dnll records, which are nat- 
urally regarded as confidential The English Co has driven 
many of these holes; but they are seldom over 100 ft. in length 
and arc driven at right angles to tlie workings from the stopes 
and levels of the Mary mine. The Tennessee Co. has driven 
some long holes into the hillsides and has thoroughly estab- 
lished the value of such ore-bodies as follow greater depths than 
any shown by the mine-workings. 

In a paper by Sterry Hunt published in 1878, describing the 
Ore Knob Copper mine, he gives also some notes upon the East 
Tennessee vein at Hucktowu He says that it is a fissure-vein, 
containing massive pyrrhotite and chalcopyritc, traversed by zoi- 
sito, idocraso, hornblende and pyroxene, the latter in crystals 
often an inch in diameter and 6 iii long. The hornblende 
crystals arc often curved and partially broken, and show trana- 
vorsG fissnreB filled with sulphides, winch are also occasionally 
lutorpoBOcl between the cleavages of augite-crystals. The sili- 
cates are sometimes incriisted with chalcopyrite, galena, blende, 
and rarely with crystallized chalcopyrite. The country-rock is 
described as white eloavable aiigite ; and a fibrous hornblende of 
wliitc, green, or light brown tint is also mentioned. But Dr. 
Hunt’s most important suggestion is that pyrrhotite will pre- 
cipitate copper sulphide from copper sulphate. The black 
copper-ore he describes as consisting chiefly of sulphide, some- 

^ Ducktown, M Tuomey, A, J. Sa , ii , vol xix , p 181, 1865 J D Whit- 
ney, A. J Sa , li , vol XX., p. 53, 1855 Ansted, Quar Jour , vol xiii , p 253 
SterryHunt, 1873, A / Sci., in., vol vi , p 305, a-lao Trans,, ii , 123. Carl 
flenrich. Tans., xxv , 173, 
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times with excess of iron, but more commonly with a largo 
percentage of coi^pcr. It approaches coiiper-glaiiec in compo- 
sition. He says that crystals of glance have been observed by 
Mr. August Ealit in druses in this ore. At times, the ore ap- 
proaches bornite and chalcocitc in composition. Some of the 
black copper-ore holds grains of copper and crystals of rod ox- 
ide. It IS commonly impregnated with co[)por sulphate, whieh 
drains off. As much as 5000 pounds a month of ccniont-coppor 
have been obtained from the water, which contains about one- 
tenth of one per cent of copper. 

In the last edition of Kemp’s Ore-De'posits of the United t^tates' 
and Canada, the geological history of the Hucktown veins is 
stated as follows (p. 192) 


“ From observations on tbe succession and cliaractci of the minerals in the 
vein, J F Kemp has drawn the following conclusions regarding tho geological 
history of the veins. By a process of regional mctamorphisni, a sodinumlal 
senes of shales and sandstones was altered to mica schists and quaitz hcIusIh 
Wheio the ore is now found, zoisile, tremolile and gainet wore also produced, hut 
it IS not known whether they are met outside of the mines in not They indicate 
the foimer presence of magnesian and calcareous rocks, although, goiu'rally 
speaking, lime is piactieally unknown in the metamorphic locks of tho district, 
and the local waters are remarkably puie and soft Whethei a calcareous shale 
or an intruded dike yielded the lime silicates, or whether they are motanior- 
phosed, calcareous, vein-material from an older vein-lilling cannot bo stated. 
After the general metamoiphism, a series of dislocations was developed along 
the lines of the present veins, and pyrrhotite and sometimes pyrito were intro- 
duced After the deposition of the pynhoUlc there was further movement, 
which shattered tho pyrrhotite and allowed the introduction of chalcopyritc in 
streaks and fine veinlets all through it Still later, and apparently after another 
movement, calcite came m and penetrated the shattered sulphides and older 
silicates After the intioduction of the calcite, by some movement fissures 
notably horizontal were produced, which became filled with glassy ipiartz, and 
which have yielded the so-called “ fioois ” More oi less coutemporimeouBly with 
the quartz, coarsely crystalline pynhotile, chalcopywte and blonde woie pro- 
duced, which are in maiked contrast witli the earlier sulpliidea Tho oxidation 
of the veins above the ground-water, the formation of the brown hernaUto out- 
crops and the development of the zone of enrichment (tho black) bring tho 
process down to the present.’' 

Other JSxamples of the Dmktown Tppe. 

Alahama Mines. — ^In northern Alabama tlepoaiis in every 
way analogous to those of Ducktown have been known. The 
so-called “ copper lead ” of this State is a strip or area of 
altered igueoue rock, locally designated Hillabeo schist, wliieh 
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is presumably an altered basaltic rock, like the Catoctin schist 
of Virginia. This siqiposed lead is in no sense a lode or yein, 
though copper has been found in considerable amounts at vari- 
ous localities over the area, and there are many old openings 
along tlie line of outcrop, none of which have ever proved 
profitable. 

In 1870 copper was discovered in Cleburne and Randolph 
counties, on the Woods Hill property, at the Stone Hill copper- 
mine, 20 miles from Heflin station, on the Southern railway. 
Hetween 1874 and 1876, some 200 to 600 men were employed 
in extracting and hauling the black copper-ores and native 
cop|)er-orcB of the oxidized zone of the deposit, the total out- 
put being reported to have been 1,300,000 lbs. up to the time 
the work was stopped in 1879. For the first two years the 
black copper-ore alone was extracted; but this becoming ex- 
hausted in 1876, an attempt was made to mine and smelt the 
pyrrhotite-ores. In 1890, when the property was examined 
with a view of renewing work, the workings were under water. 
The 80-ft. shaft wms sunk to a depth of 200 ft., and an endeavor 
was made to reopen the mine. 

The ore-body is 24 foot thick. The richest ore is next to the 
walls, with 10 feet of loan ore in the center. The entire body 
will average 3 per cent of copper, with slight values of gold 
and silver Ten feet of the ore will average 7 per cent, of cop- 
per The unaltered rock of the walls appears to be a schistose 
igneous rock, presumably the Hillaboe schist, though the mine 
is not in the main body of that formation — ^that is, it is not on 
the so-called copper-lead.” 

A report on the same property, made by R. P. Rothwell, 
and published in the Mngimmng and Mining Journal, Aug. 4, 
11 and 18, 1877, quotes Sterry Hunt and other authorities at 
length u])on the Ducktown and Ore Knob deposits. It says of 
the Alabama deposit that it is a bed of sulphide ore intercalated 
in a micaceous schist of Taconic age. The vein has a limonite 
cap, with a black-copper zone beneath which carries 30 per 
cent, of copper and is seldom more than 6 to 8 ft. thick, the 
black-copper following in a somewhat irregular manner the 
contour of the surface. The mine resembles the Ducktown 

Bee paper by "Wm M Brower in Proceedings of the Alabama Industrial and 
Bciontific Society, 1897, page 13. 
von XXX —81 
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and Oro Knob dej)osit8. The openings showed 400 ft. of levels 
with an incline shaft running 60 ft. below the levels. Tiie bed 
IS traceable for 1200 ft. on the surface. The schists strike K. 
16° E. and dip 45° E. The ore occurs in wcll-definod bods 25 
to 30 ft. thick, but the wall-rocks hold disseminated copper. 
A cross-section is given, showing a central mass of slate-ore, 
with 4 to 5 ft. of mundic-pyrrhotite ore on cither side, lean 
schist-ore on the hanging-wall and good schist on the foot- 
wall. The description given does not accord with that, ol‘ 
Brewer, who says that the ore will carry 30 per cent. oJ' copper, 
while the mundic contains but 3 to 4 per cent, of copper. The 
yield of the beds, from samples assayed by Adol])h Tines, is 5 
to 40 per cent. Rothwell regards the deposit as a bed and not 
a vein. The paper presents a detailed account of tho proposed 
metallurgical treatment, which need not be considered here. 

North Carolina Examples . — In the northwest corner of the 
mountain-region of Korth Carolina there are a nmnher of ore- 
deposits of the Ducktown type, of which Elk Knob, Copper 
Knob and Ore Knob are the best known, and tho only ones on 
which any great amount of work has been done. The Ore Kind) 
property was successfully worked for cuprite after the exhaus- 
tion of its secondary ores, but was forced to shut down when 
copper declined to less than 10 cents a pound, and, up to the 
present time, has not been reopened. 

This deposit was described, many years ago, in two papers 
read before the Institute, by T. Sterry Hunt and E. E. Olcott.''* 

The mine is situated near Kew river, Ashe county, Korth 
Carolina, on a spur of the Blue Kidge between that mountain 
and the great Smoky range. It was worked in an irrogular 
manner before the Civil War, abandoned during the war, and 
reopened in 1874. The ore occurs in a fissure-vein, cutting 
gneiss and mica-schist. The country dips at 45° to tho south- 
east, while the lode is vertical and strikes K. 00° E. It is 
from 6 to 8, sometimes 14, ft. wide. The country-rock and the 
lode are altered to a considerable depth. On tho surfac.o the 
sulphides occur 68 fib. below the top of the hill, and on the slope 
at 60, 51, 48 and 40 ft;. — ^the plane of dG0om|3osition and oxi- 
dation sloping less rapidly than the surfacw of the soil. Tho 


T. Starry Hunt, Tram., ii., 128; and E. E. Olcott, IVana, hi., 891. 
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iron cap or gossan has been traced 1900 ft., and is underlain by 
carbonates and red oxide of iron, which, lower down, are re- 
placed by sulphides. These have been traced 661 ft. on a 
level. The same enrichment is noticed here as at Ducktown. 
The ore underneath the gossan, and between it and the sul- 
phides, is iron black, friable, drusy, crystalline, and encloses 
grains oi’ quartz, garnet, magnetite and a black non-magnetic 
mineral. It carries 36 per cent, of copper, and has the miner- 
alogical character, at times, of purple and vitreous ores A 
quartz streak on the northwest wall holds purple ore The 
black copi)cr is from 20 to 30 ft. deep and 12 ft. wide. The 
unaltered sulphides had not been exhausted at the time Dr. 
Iluiifts paper was written. E. E. Olcott says^ the vein is a 
clearly dohned lissure, striking H 61° E , and dipping 88° 
JST.W It shows a quartz-selvage, which is especially marked 
on the northwest side The sulphide-ore is chalcopyrite, with 
magnetite, pyrrhotite, pyrite, quartz, garnet, epidote, horn- 
blende, calcite, prochlorite and sphalerite Silicates and a 4-in. 
streak of native copper occur in the quartz of the northwest 
wall, with glance and black oxide between it and the sulphide- 
ores. The shaft is 147 ft. deep, and, with ten other shafts, ag- 
gregates 854 ft of shaft-sinldng and 1276 ft. of levels. Some 
of the shafts, however, wore only sunk deep enough to show 
that there was a good gossan present. Some 5000 tons of ore 
were taken out, of which 3500 tons were shipped, yielding in 
six months 400,000 pounds of copper, costing 8 cents a pound. 

Virginia Examples . — The Ore Knob belt is continued north- 
eastward into Eloyd and Carroll counties, Virginia, where the 
outcTops form what has been called “ the great gossan lead ” of 
Virginia. The locality has not been visited by the writer. 
The descriptions given by Hunt and others show that the de- 
posits are exactly like those of DucMown, have yielded large 
amounts of black coiiper-ore, but have never been worked for 
sulphides. The vein is commonly 20 to 40 ft., and in some 
places 200 ft., wide, and has been traced for 6 miles. This is a 
northern extension of the hornblende-schist in which the Ore 
Knob and Elk Knob deposits are fomid. 


* Tram,, in , 391 
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IV. The Catoctin Type. 

General GharaHmstics . — ^Deposits of nativo eoiipor and cu- 
prite in green epidote-rocks arc found at a large number oC lo- 
calities in the Appalacliiaii and Piedmont ])latcau disfcrictH. 
These deposits })roBont similar structural and nutieralogical 
characters and arc designated as the Catoctin typo, Hince ilu'y 
are most common iii the Catoctin schist (Catoctin moiintam 
and vicinity). The rocks arc gray or slate-colored, but wlnsu 
ore-bearing are yellowish-green epidotic (and in part chlontic) 
schists, or, less commonly, massive igneous rocsks altered by 
ordinary hydro-metamorphism The ore eonsiBiH eliudly of 
cuprite and native copper, the latter often as nuc'kud masses 
surrounded by cuprite, together with small amounts of uzurito 
and malachite, and very rarely of copper snlpliidc. This ore 
occurs in small veinlets or curving crescent- or “H”-Hha]>od 
lenses of quartz, and as films on small cubic fracture-planes, 
and, to some extent, as grains diBsemniated through the rocdc. 
The ore occurs only where the rocks arc fractured — sometinu's 
irregularly checked by close and intersecting fisHures ; more (jom- 
monly, sheeted by parallel fissures. The quartz-veiulots are 
rarely over a loot or two long and 4 in. wide ; and their do])th is 
usually proportional to their lateral extent. Thest^ individual 
quartz-vemlets, of which many occur in one zone of Hiieetcd 
rock, may be regarded as what were formerly commonly (U'S- 
ignated as segregation-veins. The quartz is often clear and 
limpid, and includes bright metallic copper. The ore is usually 
seen in the outcrop ; and masses of nativo cop])cr are not of 
nnusnal occurrence. Commonly the surf ace-quartz is crackled, 
dull and opaque, and the copper is dull. (See Fig. 18, p. 487.) 

In the half dozen or more localities visited hy me, the ores 
of this class of deposits do not extend more than 50 to (>0 ft. 
below the surface, usually much less. Prom their occmrreuce 
in shear-zones in rock which is often massive, or but slightly 
schistose; from the confinement of the ore mairdy to the sec- 
ondary quartz-veinleis ; and from the character of the ore itself, 
it is concluded that this type of deposit is formed by a local 
concentration of material leached out of the altered igueous 
rock constituting the vein-walls, in which the coppesr is believed 
to have been present as minute particles of pyrito or ohalcopy- 
rite. The deposit is therefore a product of superficial altera- 
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tion, the shear-zone affording a place for the gathering of the 
solutions and the deposition of material. These “ veins ” sel- 
dom outcrop as actually continuous masses, but can be traced 
for miles by the copper-bearing debris. hTotwithstanding the 
large amount of fioat-rock and the extent to which it can be 
traced, the deposits are believed to be valuable for the copper 
contained ibr less that 50 feet in depth. 

So far as known, but small shipments of ore have ever been 
made from such deposits, but rich specimens have been found, 
and pits 10 to 60 feet deep have been sunk at several localities. 
The most promising arc those at the base of the mountains, 18 
miles west of Barboursville, in Greene county, Va., and those 
east of Front Eoyal, on a spur of the most prominent moun- 
tain of this part of the Blue Ridge, known as High Knob. The 
nearest settlement to the last place is Linden. 

The. Linden District. — ^Linden, Ya., is 76 miles from Wash- 
ington, on the Manassas branch of the Southern railway A 
largo tract of land near here has recently been bonded by a 
number of capitalists of Pittsburgh, Pennsylvania, after an ex- 
amination of the large amount of copper-float on the property. 
This land was originally granted to Lord Fairfax, and subse- 
<juontly transferred to Chief Justice Marshall, from whom it 
has come to the present owners. In the early part of the cen- 
tury the occurrence of copper at this place was well known, and 
shallow pits were sunk at several places ; but no shipments wore 
made until 1861, when 36 tons were collected from the surface 
and from a 50-ft. shaft which was sunk at that time. This ore 
was shipped abroad, and averaged over 10 per cent m copper. 

In January, 1900, 1 visited the workings, which are upon a 
spur of High Knob, 1750 ft. above sea-level. The ground is in 
part an open and cultivated tract formed by a flat top of the 
spur. To the west the surface is more rugged, is densely 
wooded, and descends abruiitly to the headwater valley of the 
Rappahannock. To the cast the descent is less abrupt in a 
succesBioii of benches, densely covered with timber for about 
a mile. 

According to Mr. Arthur Keith, who has made a general 
study of the Appalachian region, the Blue Ridge, of which 
High Knob is a part, is formed of igneous rocks which prob- 
ably occur as two flows — ^the upper basaltic ; the lower dioritic. 
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These rocks have boon generally much altered by dyuaiulc 
motamorphism and secular decay, and now form grecnisli 
cliloritic and epidotic schist, which ho designaies the Oatoetin 
schist. This schist is penetrated by a younger and clearly in- 
trusive granite. The two rocks often occur intricately iuter- 
mingledj so that outside of the mam holts of each tlu're are 
areas where the relations of each can only bo shown on a very 
large scale map, The most peculiar feature of the graiiitt^ to 
the ordinary observer is its comidete physical alteration near 
the contact. It is altered to a tine schist or finely laminated 
shale, or may even rosemble a leafy black slate, in wbieh no 
trace of its original character can be rccognwcd by the eye. 
This is the material seen along the road to the copper-mine 
south of Linden, near the school-house. According to Keith, 
both granite and Oatoetin schist are Algonkiiin. The oeeurrcmec 
of copper-ores in the Oatoetin schist is noted by Koitb, who 
says.* 

“Deposits of copper lu tlie schists have long excited interest and led to 
naming operations. The amount of ore, hovevor, appoam not to liavo juatilicd 
any considerable work. Such deposits have heen worked on the blue Kidgo cast 
of Front Royal and along the northern end of South Kountain.” 

The copper ores of South Mountain arc in tliis Oatoetin 
schist, t 

Except in the shear-zones, where copper is found, the Lin- 
den rock is not schistose, and commonly shows won-dofmed 
basaltic characters. It is undoubtedly a part of the younger 
or upper epidote-scMst of the Oatoetin, as described by Keith. 

This rock, which is familiarly known as groenstoiio, is an 
altered basalt, in which, by the processes of ordinary liydro- 
metaraorphism, epidote has been so abundantly devclopiid 
from the original augite and mica as to give the rock its char- 
acteristic color, namely, a bliiisb-groen when the rock is froHh 
from the shafts, but commonly a yellowish-groon on weathered 
faces. It contains so much opidoto that it is very enduring : 
knobs and hunches of epidote frequently protrude above th(‘, 
corroded surface. The rock is not schistoBo excojit in the 
shear-zones. Here the fractures are marked by silky chlorite, 

* “Geol of Catoctm Belt,” Xiih Ann, JR^t, TJ, B 0. S., partii., p 809, 

I" See Trans., xii , 82, 
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often in bunches. The copper occurs chiefly as the native 
metal, filling fractures, or in minute quartz-films or veins. 

In traveling from Linden by railroad to the property (a 
distance of about three miles in a direct line), one encounters 
near the mill a little to the south of the town, a mass of altered 
granite, forming the “ shale,” adjoining the basic rock and ap- 
parently intruded in it This is the supposed eastern exten- 
sion of the coppcr-“ vein,” and shows a highly altered basic 
eruptive carrying seams and strings of quartz. At a distance 
of about one-half mile from Linden the granite “ shale” is left 
behind, and the ground is strewn with a very dark-gray basic 
rock, somewhat resembling diabase This rock extends to the 
mines and for some miles on either side, forming, I am told, 
the summit of High Knob itself. In general, it does not form 
prominent outcrops, but shows as abundant angular boulder- 
masses scattered over the fields. The fragments are from one 
to two feet in diameter, sometimes slightly larger. Where 
rock outcrops do occur there is no pronounced jointing, and 
the rock is quite massive without any appreciable schistosity. 
These characters prevail over the entire area except in the 
immediate vicinity of the places fi^om which the copper is 
obtained 

The present workings consist of a shaft about 35 ft deep 
and of an open cut 80 or 40 ft. long and 10 or 15 ft. deep at 
its extremity. The old workings comprise a shaft that is 42 
ft. deep, but now filled with water, and several shallow pits. 
These are situated about a mile west of the present Sealock 
House. In the vicinity of these workings the rock is jointed, 
and on the western side shows well-marked schistosity. Ko 
defined vein was seen — ^the ore occurred in quartz strings in 
the altered rock. Before taking up the property the engineer 
in charge spent some weeks looking over the ground, and 
traced the copper float up the hillside to a line running approx- 
imately southeast and northwest. It was supposed that this 
lino marked a lode extending for six or seven miles in a general 
northwest and southeast direction. Furthermore, the float on 
the summit of the ridge indicated three parallel veins. An 
examination as careful as the brief time at my command would 
permit convinced me that the supposed veins do not exist; that 
the copper occurs along lines of jointing or of schistose move- 
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ment; and that the ricli coppor-ore found is a j>rodiu‘t of* con- 
centration hy snrfaoe-waters from disseminated partK'fuR of* 
chalcopyrite present in the original rock. The ore is neccH- 
sarily more abundant in the upper xono, bocauRc there the 
movement which produced the joints and the schistosity ibrincd 
open spaces, which have been tilled with quartz and otv'. 1 {im 
inclined to believe, therefore, that the origin of* the ore is due 
solely to the concentration of the copjjcr from metallic sul- 
phides, which may have hocn original constituents of fhe roc‘k. 
In the shaft the rock is closely sheeted, the planes l)eing from 
6 in. to 1.5 ft apart, and the fractures ruimmg in a Routln'asterly 
direction. There is another system of fractures, nioni widely 
spaced, and later than the former, which they liross at an 
angle of about 60°, running in a southwesterly direelioii. One 
of these forms the east wall of the shaft, and it was along this 
that the greater part of the ore taken out was found. Tliere 
is another less defined system of fractures, dipping about 20° 
to the south, whereas the former fractures are nearly vertic,al, 
the dip being between 80° and 00° to the west. At a dtqith 
of 30 ft. the shaft encountered a clay scam lying on oiu! of the 
flat fractures, and clearly connected with a vertical fracture, 
down which waters had percolated. This clay seam feathers 
out on the north to a few inches, and increases in width 
on the south to 2 or 3 ft It is underlain by very solid 
bine rock, and may possibly mark a fault along winch the 
ore-body has slipped to the south No ore whatever has 
been found honeatli this clay seam, and none immediately 
above it. 

The old shaft, a mile and a half furlhei' west, showed on its 
dumx3 much of the blue igneous rock. The shaft was driven 
at an inclination of about 70° to the south, and is said to haw^ 
yielded some good ore. The outcrops in the immediate vicinity 
are on very rugged lodges furtlior down the mounUdn-side, and 
clearly do not belong to the same suxiposed lode as that on 
which the shaft is located. The ore is quite irregularly huiuihed 
and seems to occur more especially where the vertical fractures 
are bent over to the north, showing a minute puckering or 
over-folding of the schist. A few blasts have heen made on 
these outcrops, but no well-defined vein was seen. The ore so 
far taken out consists chiefly of native coxipor and cuprite, vnth 
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small amounts of malacliite and, very rarely, azurite. It is 
always associated with quartz, and the gangue is a bright green 
rod?; which is clearly an alteration of the general country-rock. 
In tlie material taken from the shaft some of this green rock 
showed minute specks of a metallic sulphide which appears to 
be chalcopyritc, and other specks of cuprite scattered through 
the rock. In this case the copper was not connected with any 
quartz, and it is believed that this material represents the 
original character of the copper-bearing rock which has been 
leached in the upper part of the workings, permitting the con- 
centration of the copper. 

General Distribution of the Catoctin Type . — Similar native 
copper and cuprite ore is found very commonly with epidote 
schist, not only in the mountain region, but over the Piedmont 
plateau It is evident that the association of epidote (and, to 
a lesser degree, of chlorite) and the native copper is a constant 
one, for which reason it is believed that the processes incident 
to tho formation of the one led to the formation of the other. 
Such ores occur near Virgilina, Virginia, near Charlotte, HjTorth 
Carolina, and in many scattered localities through tho South. 

The Sims property on the eastern slope of the Blue Ridge, 
5 miles north of Staiiardsville, in Greene county, Virginia, 
shows tho same geological conditions observed at Linden. Na- 
tive copper and cuprite occur in bunches along shear-zones in 
diabase (Catoctin schist). The rock, like that of Linden, is 
often Hchistosc, is penetrated by tongues of granite, and is 
shaly near the contact. Local segregations and many small 
lenticular masses of quartz occur along the shear-zone, usually 
trending across the direction of shearing The shear-zone has 
a course of S 80° W. magnetic, and dips 70° to 80° S. A 
number of shallow openings have been made along these zones, 
and on tho Sims property a shaft 30 feet deep has been sunk. 
Ko well-defined ore-body has as yet been seen, though good 
ore has been found at tho surface-diggings both at this place 
and at a locality 2 miles further west. The amount of devel- 
opment-work does not as yet warrant a positive opinion as to 
tho future of these deposits ; but inasmuch as the ore is the 
result of alteration, and the original source is as yet unknown, 
there is some doubt as to their future. At the western pit, the 
shear rock shows pyrite and chalcopynte in small amounts 
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disseminated throngh the altered rock. These minerals occur 
only where quartz and epidote are found , and the small (piari.z 
lenticules are often found surrounded by a zone of epidote (;ar~ 
rying pyrite. The material from the western openirig shows 
movement, and is in part brecciated A short crosa-cut, driven 
25 ft. north at a depth of 30 ft., cuts through the curly Hchists 
of the shear-zone, but shows no ore. The locality is perhaps 
less favorable for exploration than that of the Linden ])rop~ 
erty, and it cannot be regarded as an encouraging place for 
future development. 


Distribution of the World’s Production of Pig-Iron. 

BY JOHN BIRKINBINE, PniLADELPIIIA, PA. 

(Washington Meeting, February, 1<)00 ) 

Sborbtaey’s Note — In printing tins paper in tlio piesent volum(>, tlic fignros 
given in the pamphlet edition have been hioaght more nearly up to date, the 
product of 1899 being in many instances inserted. 

Iron-Ore Ebsouroes. 

In a paper presented to the Institute in 1897,''' I distiURsed 
the iroii-resoiirees of the United States as then dovelopcd, 
calling attention to some principal sources upon which other 
countries depended. 

The following statement will give a general idea of the 
amounts, as comxulcd from the latest odlcial records, of ores 
won, and metal produced, m the nations which are important 
contrihutors to the world’s output. Unfortunately these are 
not all contemporaneous, since, in some countries the siatistics 
do not appear until after one or more years. The statement 
covers not only pig-iron and iron-ore, hut also manganese-ore 
— the manganese mined being principally used in the produc- 
tion of spiegeloison or ferro-mangauosc, and those alloys being 
generally included in the pig-iron output. 

Table I, which epitomizes the present situation, shows re- 
spectively the countries and the quantities of iron-ore and maii- 


* “ Tbe Iron-Ore Supply," IVans,, xxvji., 619. 
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Table I, — WorlcVs Product of Iron- and Manganese-Ore 
and Ptg-Iron. 


1 

Country 

Yeai 

2 

Iron-Oie 

Tons 

1 

Year 

3 

Manganese- 
Ore Tons 

Year 

Pjg-Iron 

Tons 

United States 

1899 

24,683,173 

1899 

9,936 

1899 

13,620,703 

Great Britain 

1898 

14,176,938 

1899 

231 

1899 

9,305,319 

Geimany and Lux-' 







emburg , 

1899 

17,989,665 

1898 

43,354 

1899 

8,029,305 

France . 

1899 

5,067,500 

1898 

31,900 

1898 

2,667,388 

Bussia 

1897 

4,107,467 

1899 

376,445 

1899 

2,222,469 

Austria Hungary 

1897 

3,035,005 

1897 

5,904 

1897 

1,308,423 

Belgium 

1898 

217,370 



1899 

1,036,185 

Sweden , . 

1899 

2,435,200 

1899 

2,622 

1899 

497,727 

^ain 

1899 

9,234,302 

1899 

138,419 

1899 

295,840 

eJanada .. . 

1899 

68,891 

1899 

1,412? 

1899 

94,077 

Italy 

1897 

200,709 

1897 

1,608 

1897 

8,333 

Greece 

1898 

485,159 

1899 

15,300 



Algeria .. . 

1898 

473,569 





Cuba . 

1899 

368,758 

1899 

18,636 



Newfoundland 

1897 

68,940 





Turkey. 



1899 

38,306 



Brazil . 



1899 

62,178’ 



India 



1899 

77,348’ 



Chill 



1899 

36,996? 



Japan . 



1899 

6,370’ 



Portugal 



1899 

4,130’ 



Java . 


■ 

1899 

910’ 




ganesG-ore mined, and of pig-iron produced in the year specified 
in the column preceding each statement of (quantity 

The quantities are given in metric tons (2204 lbs.) except for 
the United States, Great Britain and its dependencies, and 
Cuba, where the avoirdupois long ton of 2240 lbs. is in use. 

Uo estimate has been attempted for countries which, though 
producing some ore or metal, publish no statistics; reported 
exportations of manganese-ores from such countries are, how- 
ever, noted. 

This table shows that, in the production of iron-ore, the 
United States is considerably in advance of the German empire, 
its next competitor, and that Great Britain, Spain, Trance, 
Eussia, Austria-Hungary, Sweden, etc., follow in the order 
named , while in the output of manganese-ores, Eussia leads, 
with Spam second, the German empire third, etc., the prod- 
uct of the United States being relatively unimportant. 

In the production of pig-iron the United States is shown to 
bo well in the lead, followed by Great Britain, Germany, Trance, 
Eussia, Austria-Hungary, Belgium, Sweden, etc. 

The following summarizes the conditions in various countries. 
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Great Britain . — This country, which stands next to the 
United States in the production of pig-iron, held the Coremost 
position in this industry for almost a century, until the year 
1890. Before the introduction of the Bessemer ])roeess, prac- 
tically all the iron-ores smelted in British hlast-furnaeeH were 
produced from native mines. At the present time, most ortlu! 
domestic ores used are carbonates, — Cleveland, the [)rineipal 
mining district, furnishing nearly one-half of the entire supply 
of native ores (m 1899 about 5,600,000 long tons). In the 
development of the Bessemer steel industry, it heeanie neces- 
sary to supplement the British ores by liberal additions o(‘ Ibr- 
eign ores, which were piuncipally obtained from St)ain, (Irceee, 
Algeria, Elba, France, etc. 

The maximum domestic product of iron-oro was reached in 
1882, when 18,031,967 gross tons were won. 

In the year 1899, about one-third of the total Brilisli con- 
sumption of iron-ore was imported, hut tbese importations, by 
reason of the high percentage of iron contained in the ores, 
furnished more than one-third of the pig-iron Tuaniifueturt'd. 
The importation of iron-orc has gradually nicroasod, the largest 
being in the year 1890, viz. : 7,055,176 gross tons, of which 
Spam contributed 6,186,022 tons. 

The production of pig-iron m Great Britain has not advancial 
lately in the same proportion as that of her principal eonipcd.i- 
tors, the United States and Germany. The maximum onl-piit 
was 9,305,319 gross tons in 1899. 

A considerable proportion of the pig-iron and tlio iron and 
steel manufactures of G-reat Britain is exported, amounting in 
1898 to 3,247,868 tons, of which 1,024,296 tons was ]ng-irau, 
the rest being manufactures of iron and steel 

German Empire. — ^Iron-ores are liberally dislriliuteil through- 
out the German empire; hut the greatest development is in 
the Grand Duchy of Luxemburg and German Lorraine, where 
oolitic ores, locally known as minette^ are found in strata, vari- 
ously classified as the uppermost Lias, or lowest luemlua’s of 
the “ brown Jura ” series, in a length of rather loss than 40 
miles in Germany, and a width of about 8 mih's. More thmi 
one-half of the output of the Gorman empire comes from this 
minette district of Lothringen and Luxemburg. The average 
analyses of the ores show that they carry from 28 to occasion- 
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ally 48 per cent of iron, with phosphorus ranging from 0.5 to 
2 per cent 

The ore-district of Siegerland, belonging wholly to the Lower 
Devonian, ranks next in importance. Most of the ores are 
spathic, although in some cases red hematites occur. The dis- 
trict contributes about one-tenth of the total for the empire. 
In Hessen-hfassau red hematites are associated in some in- 
stances with brown ores, and manganiferous iron-ores occur in 
the upper Devonian rocks, forming an important supply for 
the Westphalia blast-furnaces. The annual output constitutes 
about 7 per cent, of the total domestic supply of Germany. 

Probably five-sixtlis of the Gorman product consists of brown 
homatite-ores in various forms. Practically the whole output 
of the German mines is consumed in the blast-furnaces of the 
empire, and, m addition, a considerable amount of foreign ore 
IS imported, chiefly from Sweden. Germany exports minette 
ores, chiefly to Prance and Belgium The maximum German 
product of iron-ore, 17,989,665 metric tons, was reached in 
1899, in which year 8,029,305 tons of pig-iron were maim- 
factured. In 1898 manganese-ore was mined to the amount of 
43,364 metric tons — ^the greater portion in Prussia. 

France — The iron-ore deposits of Prance, though numerous, 
are scattered, and, except in the case of the oolitic formation 
in the eastern portion of the country, there are no deposits 
capable of feeding any considerable number of blast-furnaces 

The maximum product of iron-ore reported for Prance was 
5,067,500 motrie tons, m 1899. The largest pig-iron produc- 
tion was in 1899, 2,567,388 metric tons. 

Since the loss of Alsace-Lorraine, as a result of the Pranco- 
German war, a considerable amount of iron-ore has been im- 
ported into France from the region whicb was annexed to 
Germany. In 1897, the importation from Germany, Algeria, 
Spain and Italy amounted to 2,137,860 metric tons. Iron-ore 
18 also exported, though, from the maximum (3,652,846 tons) 
111 1873, the amount has gradually declined, until in 1898 hut 
236,169 tons were shipped. The product of manganese-ore in 
1898 was 31,900 metric tons. 

Russia . — The iron-industry of Dussia dates approximately 
from the year 1700 , and, until a recent period, all the pig-iron 
produced was manufactured with charcoal, chiefly in the Dral 
district. 
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The Eiissian mines are divided into districts, eacli imdcr tim 
supervision of a special mining inspector There are four sucli 
Government districts in the Urals, one iu Isforthorn BuHsia, 
and one in Poland. 

The private mines are under the inspection of distriet en- 
gineers, of whom there arc eight in the Urals, four in the Cau- 
casus, SIX in western and six in eastern Siberia. In tlio central 
and southern portions of the Ural distriet there are cxtoiiHivu 
deposits of brown homatite. 

The iron-works of eastern Itiissia — ^.e., of the Governineiits 
of Perm, Viatka, Ufa and Orenburg, holongiiig to the mining 
regions of the Ural — smelt magnetic and brown ores chiefly ; 
blit red homatite and siderite are also found ^oine remark- 
able deposits of magnetic iron-ore occur at Mt. Bhigodat and 
Yisokaia in the central Urals, and at Mt Maguiiwaia in iho 
southern Urals. Tlie deposit of Mt Viaokaia yields ore con- 
taining from 03 to 09 per cent, of iron, which, it is claiinod, is 
often smelted without the use of flax. 

The manufacture of pig-iron received a decided iinpotuB 
when works were successfully built to manufacture ibis metal 
with mineral fuel in the south of Bussia, whore ri(dL iron-oro 
deposits exist; and it is expected that the rapid advance of thiB 
district will soon enable it to outrank the Ural region m a 
producer. The deposits are chiefiy magnetic, spocular and red 
hematite ores, containing from 60 to 68 per cent, of iron, 

Olonotz and Finland have lake- and bog-oros, low iu iron and 
relatively high in phosphorus. In southern Poland brown 
hematite ores containing 40 per cent of iron arc found iu 
rocks of Uevoman age. 

Kew iron- and steel-works are now huildmg in Russia; and 
it is probable that this industry will show a further advance. 
The maximum iron-ore production recorded was 4,107,047 
metric tons in 1897' ; but this was probably surpassed by the 
product of 1898, and also by that of 1899. The record of 
2,222,419 tons in 1898 showed the maximum j)ig-iron product 
up to that date ; but it is probable that this also was surpassed 
in 1899. 

Practically all the iron-ore mined in Russia is smelted in the 
blast-furnaces of that country; and the pig-iron manufaciured 
is consumed in the various iron- and steel-industries which the 
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Government encourages. Small amounts only have been ex- 
ported. 

Eussia possesses the best-known developed manganese-mines, 
which contribute more than one-third of the world’s consump- 
tion. These ores, mined almost wholly in the Caucasus, are 
exported to the United States and to various European coun- 
tries. 

No other deposit of manganese-ore now worked approaches 
that of Ghiaturi in the capacity to produce large quantities of 
high grade ore at low cost. The ore, as exported, carries 46 
to 56 (the average being probably 61 to 52) per cent, of man- 
ganese, with not more than 8 per cent of silica Most of it is 
exported from the ports of Poti and Batoum on the Black Sea 
Of the 210,106 tons exported in 1897, Germany received 70,- 
810 ; Great Britain, 68,650 ; and the United States, 42,200 
tons, while 28,446 tons were used in Eussia. 

Austna-Bungary — The most important deposits of iron-ore 
in Austria are the spathic iron-ores of Styria From the large 
deposit of Erzberg, near Eisenerz, the “ Noric iron ” of Tacitus 
and other authors is reported to have been prepared; and the 
industry has continued from the date of the Eoman occupation 
to the present day. Spathic ores occur also in Oarinthia and 
in the north of Plungary. 

The greatest product of pig-iron was 1,308,428 metric tons, 
in 1897. The greatest amount of iron-ore won, 3,035,005 
metric tons, was also reported in the same year. Of this 
amount, slightly more than one-half was obtained in Austria, 
and the remainder in Hungary. 

The exports of iron-ore from Austria amount to about 100,- 
000 tons per annum ; and a smaller amount (about 75,000 tons) 
is annually imported. About 12,000 tons of manganese-ore are 
annually rained in Austria and Bosnia. 

Belgium . — ^Belgium produces a considerable amount of pig- 
iron and steel, much of which is exported , but the greater 
portion of the iron-ores used are imported Eoughly speak- 
ing, about one-ninth of the iron-ore smelted in Belgian blast- 
furnaces comes from native mines, consisting of oolitic iron-ore 
(red hematite), somewhat similar to the Alabama fossil-ores, 
and occurring in the older Silurian or Devonian formations , 
minette-ore (oolitic limonite) worked in the extreme south of 
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the ProviiiGG of Luxemburg, and extending also into France, 
Luxemburg and Germany ; bog-ore from Oampine ; and man- 
gamferoua iroii-ore from the province of Liege. The ediiel’ 
domestic supply comes from the Luxemburg and Lorraine 
oolitic limonile-oros, carrying 30 to 35 per cent, of iron. The 
foreign imports are chiefly from Germany, France, Spam, 
Algeria, etc., the ores from Spain and Algeria being used m 
the manufacture of Bessemer pig. Kouglily speaking, more 
than one-half of the Belgian pig-iron is forge-iron, oiui-third 
is of Bessemer, and one-tenth is of foundry-grades. Consider- 
able mill-cinder also is used in the furnace-chargeH. 

In round numbers, about 2,500,000 metric tons of iron-ore 
are annually imported, and 300,000 tons are exported. 

The greatest product of iron-ore was 1,019,231 moirie tons 
in 1866; and the total gradually decreased, with slight (hietua- 
tions, until m 1898 but 217,370 metric tons were won. Tbe 
]iroduct of pig-iron, however, advanced until 1,036,186 metric 
tons were manufactured in 1899. 

Sweden . — The high quality of Swedish iron and steel lias 
been famous for centuries. Tlie industry is almost entirely de- 
pendent on magnetic ores, although some hematite or specular 
ores, usually called “ mountain-ores ” are also used, and a small 
amount of ‘‘lake-” or bog-ore is mined in several provinces. 
Tbe Swedish iron-ores vary in iron from 30 to 70 per cent., 
averaging about 60 per cent, and generally (except in the north) 
contain very little phosphorus. 

Prof. Akerman says that, of the iron-ore mined in Sweden, 
from two-thirds to three-quarters is magnetite ; from oiui-third 
to one-quarter specular; and the remainder (about 1000 tons) 
lake- or bog-ore. The principal iron-ore deposits extend across 
the country from the Bannemora region, north of Stioekholm, 
to their termination at some distance from the hTorwegiau 
boundary, and cover a length of about 180 miles. Most of the 
ores are found m the Archean rocks. Southward, the. ore- 
region continues to the middle part of the province oi' Ostergol- 
land, and northward to the northern boundary of tbe provincii 
of Balecarlia, thus covering 6800 square miles. 

In the vicinity of the Arctic circle arc found the large beds 
of Gellivara, Kirunavara and Luossavara, located in Swedisb 
Lapland, and connected by a railroad, 129 miles long, with tbe 
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harbor of Lulea, at the north end of the Baltic sea. The 
quality of thcBO ores is vaiiahle. They are usually rich in iron ; 
but, although good Bessemer ores occur among them in con- 
siderable quantity, the greater part are high in phosphorus. 
The percentage of sulphur, however, is small Most of the 
rich magnetic ores here mined are exported, chiefly to 
Germany, Austria and England, being transported about 1700 
miles to roach some of the German and English furnaces. 

The annual increase of tins export-trade has shown the neces- 
sity of a harhor open all the year (that of Lulea being closed 
for six months by ice) ; and a railroad is now being constructed 
to Victoriahavon, in ISTorway. 

"While the pig-iroii and steel manufactured in Sweden have 
enjoyed a high reputation on account of their purity, the in- 
dustry has been entirely dependent on charcoal as a fuel, and 
Ihereforo has not shown the groat quantitative advance ex- 
hibited by some of the other iron-producing countries The 
pig-iron product reached its maximum (538,197 metric tons) 
in 1897, and fell to 497,727 tons m 1898 On the other hand, 
the advance in the production of iron-ore, especially since 1892, 
when the Gollivara deposits were first exploited, has been rapid. 
The year 1809 shows the maximum of 2,435,200 metric tons, 
of which about 1,525,000 were exported. 

Sweden exports considerable quantities of iron and steel, 
chiefly in the form of rods, sheet-iron, and other manufactured 
articles 

From 2000 to 3000 Ions of manganeso-ore are annually 
mined, most of winch is consumed by the home industry. 

Spam . — By reason of the lack of good mineral fuel, the 
8ipaiii8h nianufacturc of pig-irou has not attained much import- 
ance, although bTature has distributed throughout the country 
large dojiosits of rich and pure ores. The iron-ore bodies of 
the Biscayan provinces, in the north, have been the principal 
contributors, but there are also senes of valuable deposits of 
n’on-ore cxionding along the southeastern coast of Spam, com- 
mencing with those at Borman, continuing at moderate dis- 
tances from the coast through the provinces of Murcia, Almeria, 
and Malaga, and finally trending northwest to the district of 
Sevilla, further inland. 

The ores of Biscaya are, near the surface, hydrated per- 
von, \xx . — 32 
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oxides, oceupymg veins in rocks of Oretaceoiis age, and quite 
rich and fairly free from phosphorus and sulphur. As greater 
depths are reached, the mass of the unchanged deposit below 
the gossan or oxidized outcrop is found to he spathic iron-ore, 
containing a larger proportion of sulphur than the zone a!)ov(' 

The mines most extensively worked arc in the vieimfy of 
Bilbao, and form three groups, known as the Somorroslro, 
Galdames and Ollargoii 

In the province of Murcia, the Pornian de])OHits arc' well 
known, having exported considerable amoiiutH of ore*. In ad- 
dition, both rod hematite and magnetite occur in the interior 
of the province. Red hematite is obtained from the Mo rat a 
mines, and also from Santa Isabel 

In the province of Malaga are the well known magnetite 
mines of Marbella, from whicli considerable quantities of iron- 
ore are exported. 

Huelva has several deposits of iron-ore, but, up to tlu' prc's- 
ont time, lias exported iron pyrites only. 

The total Spamsli product ofiron-oro in 180h wuis t),2thl,d02 
metric tons, that being the maximum year rcqiorted. Of 
this amount 8,G13,I37 metric tons were exported, wdiile the 
greater portion of the remainder was used in the mamifaclure 
of 295,840 metric tons of pig-iron — ^tho largest animal product 
of iron thus far reported in Spain. 

About 130,000 tons of manganese-ore per year are exjiorled 
from the province of ITuolva The report for 1809 is 138,419 
metric tons, all of which was caihouato. In addition, aboul, 
800 tons of oxide of mangaiiGBc, carrying about 50 per (‘cnt,, 
was obtained from the provinces of Oviedo and Teruel. 

From the south of Spain about 400,000 tons of luaiigiuiifei’- 
OU8 iron-ores is auimally exported; but these are all classed 
as iron-ores. 

Other Countries . — ^Hoiie of the remaining eountricH have ns 
yet attained prominenec in the production of either pig-iron or 
iron-ore. 

Canada has numerous deposits of iron-orc, and is developing 
an impoifaiit iron-industry. Extensive mining (qa'ratioiiH on 
the north shore of Lake Superior will bo begun in 1900. In 
BTova Scotia, red and brown hematites are won; in Ontario, 
red hematite and niagnctitcs occur. In British Oolumbia there 
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are also important deposits of magnetite Tlie largest reported 
production of Canadian iroii-ore was in 1893, when 125,602 
'short tons wore produced. In 1899, 94,077 gross tons of pig- 
iron were manufactured 

ISTewfoundland has an extensive body of red hematite ore, 
carrying about 50 per cent, of iron, which is won by quarry- 
ing, and exported to supply blast-furnaces in JSTova Scotia ; a 
lew cargoes going to Europe and the United States. In 1897, 
it IS reported that 58,940 tons were mined. A large ]ilant is 
being constructed to utilize this ore. 

Algeria has important deposits, principally of magnetite, red 
and brown hematite and sidente The mines at present 
worked are in the Department of Constantine, and produce 
annually from 350,000 to 650,000 tons of iron-ores, all of which 
IS exported. The amount shiiiped in 1897 was 441,467 metric 
tons, consigned to England, Erance, the United States and 
Belgium. 

Cuba possesses rich bodies of iron-ore in the extreme south- 
eastern portion of the island, in the province of Santiago. 
They are of the red hematite variety, and are operated hy 
American companies The maximum production was reached 
in 1897, when 457,561 gross tons were mined. In 1899, the 
product was 368,758 gross tons. A manganese-miiie in the 
same province produced 13,636 tons in 1899. 

Greece abounds in iron-ores, principally carbonates, hema- 
tites and magnetites, most of which contain manganese. The 
maxmium product was 485,159 metric tons in 1898 

The miinufaelure of iron in Italy is subject to a disadvantage 
in the scarcity of good fuel; hut a considerable amount of iron- 
ore (red hematite and specular, with some magnetite) is mined 
and exported, mostly from the Island of Elba. It usually 
carries from 60 to 02.5 per cent, of iron, with 0.009 to 0 004 
per cent, of phosphorus. In Lombardy and Piedmont iroii- 
orcB are also mined, while a small amount of charcoal pig-iron 
is made in the provinces of Lombardy and Tuscany from native 
ores. The jiroduction of iron-ore in 1897 was 200,709 metric 
tons. In the same year, 8333 metric tons of pig-iron were 
produced, and 1008 tons of maiiganese-ore were mined. 

Asia, Africa and South America have iron-ore deposits, hut 
only India, China, Brazil and Mexico can be considered as 
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maiinfacturing iron in appreciable amounts. Mangaiicsc-orcs 
of good quality are mined in quantity in Chili, Brazil, Japan, 
the Republic of Colombia, India and Turkey, and arc exported. 

United States — ^In 1899 the United States, the foremost pig- 
iron producing country of the world, surpassed its form or 
highest record, turning out 13,620,703 gross tons of pig-iron 
To supply the raw material for this amount of iron, the iron- 
ore mines were actively wrought, and 24,683,173 gross tons 
were mined. 

Until 1893 the United States was practically a producer for 
the home market only; but in thatyear the exports of iron and 
steel exceeded in value the imports, and the difference has be- 
come annually more marked, until in 1899 the value of the iron 
and steel exports was |106,689,645, and that of the imports 
only $15,799,206. Most of the exports were manufactured 
products, thus securing a larger remuneration to producers 
than if they had been raw materials. 

The iron and steel exports of 1899 included slocl rads, 
valued at $6,122,382, wire, $6,526,930; pig-irou, $3,282,241 ; 
plates and sheets, $2,047,301 , wire nails and tacks, $1,065,773 ; 
castings, $1,348,133 ; and cut nails, $482,382. 

Tins position has been attained by the liberal use of meehaui- 
cal and labor-saving devices, whereby the cost of haudlmg the 
raw materials entering into the production of pig-iron, and of 
the metal itself, has been reduced to a minimum. 

Ill the winning of iron-ore and coal, electric- and compressed- 
air drills, improved explosives, carefully designed timbering, 
and scientific methods of mining, hauling and raising ilio min- 
eral won, have reduced the cost of these materials, placed on cars 
for transportation. At the coke-ovens, appliances decreasing 
the amount of labor employed, or obtaining hotter yield of 
coke, and at some jilants the collection of the by-] iro duets, liave 
cheapened the manufacture of the necessary fuel. TranH])orta- 
tioii-companies have expended vast sums in the building oi' 
shipping- and receiving-docks and of large economical vessels 
and barges to transport the iron-ores from the Lake Siqionor 
region to the Lake ports. The railroad-corapanies have eo- 
ojieratcd with lai-ge cars, x>f>werM locomotives, subBtaniial 
road-beds, etc., to enable the hlast-furnaccs to transport ricdi 
ores for distances as great as 1500 miles, at so low a cost that 
they have displaced leaner local ores. 
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While the wages paid to American labor are, as a rule, higher 
than those which obtain elsewhere, yet the liberal use of labor- 
saving machinery has increased the output per man, so that 
the labor-cost per unit of product is often less iii the iron- and 
steel-industry of the United States than elsewhere. 

The State of Pennsjdvania stands pre-eminent as a producer 
of iron and steel, contributing, in 1899, 6,558,878 gross tons 
of pig-iroii, a greater amount than has been credited in any 
one year to any foreign country, wdth the exception of Great 
Britain and the German empire. The statement has been made 
that in the district surrounding Pittsburgh the profits of the 
iron- and steel-industry, at the present time, are greater than 
those realized in any gold-district of the world. 

Although the State has numerous deposits of iron-ore, the 
bulk of the ore smelted came from the Lake Superior region, 
being transported from 1000 to 1500 miles, from the mines to 
the blast-furnaces 

Ohio, with a total of 2,378,212 gross tons of pig-iron in 1899, 
is second, contributing about onc-sixth of the total for the 
United States. Practically all of the iron-ore used came from 
the Lake Superior region, although a small amount of native 
carbonates was utilized 

Illinois owes its prominence as an iron-ore producer to a good 
homo market, and to the fact that ores from the Lake Supe- 
rior region, and coke from Peniisylvania and West Yirginia, 
can be readily assembled there These facts made it possible 
for a State mining no iron-ore to contribute in 1899 a total of 
1,442,012 gross tons of pig-iron, or slightly over one ninth of 
the production of the United States. 

In the northern central i)art of Alabama, Birmingham 
nestles in a great fold in the Clinton Fossil formation, in close 
proximity to immense iron-ore beds and coal-fields. In addi- 
tion, brown hematites from northern and eastern Alabama and 
similar ores from Georgia and Tennessee are used. Alabama 
contributed 1,083,906 gross tons of iron-ore in 1899, or about 
8 per cent, of the total for the United States. Seventeen other 
states manufactured pig-iron in 1899 ; but no one of them 
reached 400,000 ions. The amount of iron-ore mined in the 
United States has shown a considerable increase in late years 
In 1880, the total was 7,120,362; in 1889, it was 14,518,041, 
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and in 1898, it was 19,433,710 gross tons ; wliilo in 1899 it 
reached 24,683,173 tons. 

The iron-ores of the United States are commercially divided 
into four classes, viz red hematite, hrown hematite, magne- 
tite and carbonate. The major portion of the ore mined is 
red hematite, the brown hematite, magnetite and carbonate 
following in order, as shown by the accompanying statement 
of the hgLires for 1899 : 

Table II — Product of Iron-Ore in the United States in 1899. 

Variety Pioduetion, Gio$s Tons Percentage 

Bed IlGraatite, . . . 20,004,899 81 01 

Brown Hematite, . . . . 2,869,785 11.03 

Magnetite, .... . 1,727,430 7 00 

Carbonate, ... . 81,559 0 33 

Total, ... , . 24,083,173 100 00 

Some iron-ores are imported from foreign countries, princi- 
pally from Spain, Cuba and Greece; and cinder from puddling 
furnaces and ‘‘blue billy” (the residuum from hurnmg pyrites 
in the production of sulphuric acid) are used in producing pig- 
iron. Cinder containing iron and manganese, rOHiilting from 
the treatment of zinc ores, is also employed in tlio manufacturo 
of spicgeleiseii. 

The Lake Superior region, which has a world-wide reputa- 
tion on account of its excellent iron-ores, which arc cheaiily won 
and irauBporicd long distances, consists of five rangCH, men- 
tioned below ill the order of their development 

The Marquette range in Michigan, on the southern shore of 
3jake Superior, made its first shipment in 1864. Its ores are 
usually of high grade and hard, and many are of BesBcmcr 
quality, although some non-Bessemcr ores arc also largtdy 
mined. Cargo shipments show a range of from 38.85 to 68 65 
per cent, of iron in the natural state, with moisture from 0.45 
to 15.29 per cent The leaner ores have .special value, cither 
because of low phosphorus contents, or as being highly siliceous 
and cheaply mined, making them desirable for mixtar(‘S with 
low-silica ores. The total reported shipments to the close of 
1899 amounted to over 56,000,000 tons, of which over 3,750,- 
000 tons was forwarded in 1899. 

The Menominee range lies almost wholly in the northern 
peninsula of Michigan, only two active mines being in Wis- 



DISTRIBUTION OF THE WORLD’S PRODUCTION OF PIG-IEON 517 

consbi It was first exploited in 1877. The ores are of high 
grade, but not so hard as those of the Mar(][uette range. Both 
the Bessemer and noii-Bessemer ores find a ready sale. The 
iron 111 the natural state ranges from 60 9 to 39 46 per cent., 
with from 2 18 to 11.20 of moisture. The total output of the 
range to the close of 1899 is about 30,750,000 tons, of which 

3.300.000 tons were shipped in 1899. 

In the Gogebic range, also on the southern shore of Lake 
Superior, but further west than the Menominee and Marquette 
ranges, most of the important mines are in the State of Michi- 
gan , but like the Menominee range it extends across the State 
border into Wisconsin The first shipment was made in 1884. 
The iron-ores are both Bessemer and non-Bessemer in charac- 
ter, carrying from 60 09 to 47 33 per cent, of iron in the 
natural state, and 8 14 to 14 91 per cent of moisture. IJji to 
and including 1899, the total shipments have been over 28,- 

250.000 tons, of which amount 2,750,000 tons are credited to 
the year 1899 

The Vermilion range lies back from the northwestern shore 
of Lake Superior, about eighty miles north-northwest of Du- 
luth The first shipments of ore were made in 1884. The 
ores are usually hard, although some are comminuted. They 
are rich in iron, carrying from 65.39 to 56.19 per cent in the 
natural slate, with 1 45 to 7 96 per cent, of moisture. They 
are both Bessemer and non-Bessemer in quality. The total 
shipments to date are over 13,500,000 tons, of which 1,750,000 
tons were shipped in 1899. 

The Mesabi range, also in Minnesota, lying to the south and 
west of the Vermilion range, is the youngest of the ranges in 
development, no ore having been shipped from it before 
1892 ; hut its large deposits of rich, easily mined ore have rap- 
idly brought it to the front, and it contributed some 6,626,000 
tons in 1899, or over 40 per cent of the total for the Lake 
region. Since its opening it has shipped a total of over 28,- 

500.000 tons. The ores carry from 59.06 to 50 20 per cent, of 
iron in the natural state, and from 6.81 to 14.7 per cent, of 
moisture, being both Bessemer and non-Bessemer in character. 
They are soft and generally finely comminuted, which limits 
their use somewhat in the blast-furnace. 

Since the opening of the Lake Superior iron-orc region, in 
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1864, a total approximating 152,000,000 gross ions of iron-oro 
has Ibeeii miiiecl, of which more than half has been won in 
the past seven years (1893 to 1900). 

While the Lake Superior region probably contributed three- 
quarters of the iron-ore supply of the IJmtcd States in 1809, 
there arc other districts which supply large anionnts. Aln- 
bama, Tennessee, Virginia and G-eorgia aniiaally Jurnisli large 
quantities of red and brown hematites Ifew "York, Ifcw Jer- 
sey and Pennsylvania have large deposits of magnetites. Tlie 
Cornwall ore-hills of Pennsylvania, and the Lake Ohainplaiii 
region of Uew York, have been for more than a century noted 
sources of supply Colorado, Wyoming, Utah, ISTew Mexico 
and other points in the ivesi also have important dopOHits of 
iron-ore; as have Missouri, Texas, Kentucky, etc. 

Colorado is advancing in iron- and steel-prodiiction from ores 
mined in that State, supplemented by others drawn from east- 
ern Wyoming and southern Uew Mexico The ores used are 
of Bessemer grade, unusually low iii phosphorus. 

While the United States is one of the largest consiiinors oi‘ 
manganese in the world, the deposits at iiresenl worked in thiB 
country arc very uncertain as to both the quantity obtamalile, 
and the composition of the ore. In the year 1800, nine Biutos 
contributed a total of 9,935 gross tons. The imporUiiion, as 
would naturally be expected, is largo, ])radically all of the 
manganeBC-prodiicing countries, headed by Russia, contributing 
to the 188,849 tone imported in. 1899. 


Hydraulic Pumping-Plant on the Snake River, Idaho, for 
Power, Irrigation and the Treatment of Gold-Sands. 

BY JOHN BtllKlNBINE, BniLAI)EIl?IIIA, I’A. 

{WabliiBffton Meeting, Eebninry, 1000 ) 

The following data, collected during a visit to the Snake 
river district, in Idaho, are offered as indicating the jioasihlo 
utilization of a wator-Ml for irrigation by pumping, the work- 
ing of gold-placers, the generation of electricity for light and 
power, and possibly for manufacturing purposes, Tor irnga- 
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tion and placer-w ashing, a portion of the water is applied to 
wheels and pumps to elevate another portion. 

These notes do not describe any new methods in hydraulics, 
in electrical development, in irrigation or in hydraulickmg au- 
riferous sands, but rather suggest the possibility of various 
applications of the water-power available, either contemporane- 
ously or in different seasons. 

As the minimum flow in the Snake river is m the winter, 
when the snows on the mountains are not melting, while the 
normal or possible flood-flow is during the season when irriga- 
tion IS necessary, the application of water for other jiurposes 
may not interfere with irrigation. 

The Snake river heads on the continental divide, close to 
the Yellowstone Park in the State of ‘Wyoming, and flows 
south-westward through eastern Idaho, then westward, and 
then northward, forming a portion of the boundary betiveen 
Idaho, Oregon and Washington, and finally uniting with the 
Columbia river m the latter State. The three prominent falls 
on the stream, after it has obtained considerable volume, are 
the Idaho, the American and the Shoshone falls, the latter be- 
ing the most noted. 

The data here given concern the conditions at the American 
falls, the point where the Oregon Short Line railroad crosses 
the Snake river, 26 miles west of Pocatello, Idaho. 

The Snake river has here a wudth of 760 feet, and a break in 
a lava-flow forms a series of cascades (the American falls) having 
a drop at low-water of 39.8 feet. As the volume of the floiv in- 
creases, the diflerciice between the water-levels below and above 
the falls IS somewhat reduced, but from the information obtain- 
able the tail-water will not rise more than 1.5 feet for each foot 
of increased height in the level of the head-water; and the 
additional volume of water will more than compensate for the 
reduced head. It is therefore safe to base estimates of power 
upon the flow and the fall at low-water stage. 

The drainage-basin of the Snake river, above the American 
falls, approximates 22,000 square miles — equal to one-half the 
area of the State of Pennsylvania. 

Mr. F. II, Yewell, Ilydrographer of the IJnited States G-eo- 
logical Survey, records stream-measurements made at two 
points upon the Snake river, one above and one below the 
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At the Idaho falls (70 miles above the American falls), 
with a drainage-area of 10,000 square miles, the minimum dis- 
charge of the Snake river was found to he 2000 cub. ft. per 
second in 1890, and 2250 cub ft. per second m 1892, approxi- 
mating 0 2 cub, ft. X)cr second per square mile of dramage-aren. 
The elevation of the Idaho falls is 4710 feet, and that of the 
American falls is 4341 feet, above sea-level. At Montgomery 
ferry, 25 miles below the American falls, with a drainage-area 
of 22,600 square miles, the minimum flow was reported as 
4420 cub. ft At each of these stations, the flood-flow exceeds 
50,000 cub ft. per second. Owing to the superposition of 
lava-benches one upon another, some of the water, loll owing 
the planes of juncture, appears in numerous large springs, at 
intervals along the shores of the river, thus affecting estimates 
of the flow based upon the drainage-area. The investigations 
made, however, indicate that a minimum flow of over 4100 
cub. ft. per second can be clopeaded upon , and that with good 
water-wheels, properly installed, about 13,000 horse-power can 
be developed at the American falls with the average low-water 
discharge. 

The locality permits the erection of a power-plant, at small 
expense, on either side of the river below the ruilroad-hridge. 
It is possible, with water-rights granted on both shores of the 
river, that more satisfactory results may lie obtained by divid- 
ing the plant, especially for irrigation-purposes; that is, by in- 
stalling part on the cast side of the river and part on the west 
side; or it may bo preferable to connect the eastern shore with 
a rocky island which divides the river, or to convey electrical 
energy across the stream by wire. 

The fall, being an ordinary one, will require no special form 
of water-wheels, of pumps or of clcctrio-geiicraturs TTciico any 
development will be relieved from nniisual oxpciiditurcH for 
equipment, and it will be possible to follow an initial installa- 
tion capable of meeting immediate requirements by otliors, 
as augmented power is demanded, without proportionately in- 
creased cost 

A properly-designed plant will raise one cub. ft. of water to 
the plateau for every 5 cub. ft. applied to the wheels at the 
American falls ; and if a lower lift be found desirable, for placer 
washings, etc., the proportion of water consumed in this way 
will bo smaller. 
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Irrigation , — The great stretch of sage-brush plain in south- 
eastern Idalio, composed largely of decomposed lava, produces, 
under irrigation, crops of wheat, alfalfa, potatoes, turnips, etc. ; 
and the hardier fruits yield satisfactorily. Large expenditures 
upon canals and ditches in northern Utah and in Idaho, and 
the crops obtained from watered lands, testify to the local ap- 
preciation of irrigation. The existing installations for irriga- 
tion, with few exeeptions, withdraw water from the rivers by 
long feeder-canals, which supply the main and lateral irriga- 
tion-ditchcs 

The territory on the west side of the Snake at the American 
falls rises quite abruptly to a mesa, or plateau, about 100 feet 
above the water-level The eastern side, although ascending 
more gradually, is cut by draws or ravines, and possesses a more 
uneven topography. The average descent of the Snake river 
is about 6 feet per mile, and as a feeder-ditch requires a fall 
approximating one foot per mile, a main canal 20 miles long 
would be required to bring water to this plateau, 100 feet above 
river level. 

T,o avoid this expense, an experimental pumping-plant was 
erected, consisting of two 23-in. horizontal turbine-wheels, 
belted to two 32-m centrifugal pumps, having a guaranteed 
combined capacity of delivering 750 cub. ft of water per min- 
ute to the main ditch 104 feet above the river. The wheels, 
however, utilize but three-fourths of the available fall The 
guaranteed capacity of the wheels and pumps as installed (750 
cub. ft. per minute) will irrigate 1000 acres 

Auriferous Sand — The existence of free gold in largo quantity, 
but generally finely comminuted (much of it being fioat-gold) 
is well known, and the Snake river is actively exploited by 
dredges and ground-sluicing 

The most desirable deposits of auriferous sands are either 
above the nver-level, and therefore unworkable, except by 
hand-labor or by water artificially elevated, or are in bars in the 
bed of the stream, from which the sand and the water for wash- 
ing it must be raised by mechanical power 

Close to the American falls the territory adjoining the 
shores is worked at a number of places, the material being 
handled by scrapers drawn by horses, and treated in crude 
ground-sluices, with satisfactory results. Samples of the eon- 
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centratcs wore obtained, and also samples, taken over tlio area 
excavated, were panned out, showing numerous colors ” 

With water delivered to the top of the banks, and nsed 
through pipes and nozzles, this territory yields more gold at 
smaller cost per ounce. 

The present operations are confined to bars, or to localities 
where the stripping is slight, because the material must be 
handled by animal labor or by steam-dredges, which latter 
pay from |4 to $6 per ton of coal, delivered at the dredges. 
It is reported that 60 dredges are at work on the Snake river. 

Electric power developed at the American falls may possibly 
bo conveyed to operate dredges at other points on the river, at 
rates which, while profitable to the generating company, will 
permit a reduction in the cost of operating the dredges. 

Three sluice-heads of water, supplied by the 750 cubic feet 
per minute furnished by the present plant, should eacli wasli 
at least 500 cubic yards jier day when in operation ; / e., they 
will move 1600 cubic yards per twenty-four hours, and 20 cubic 
feet of water will th^^refore be required per cubic foot of ma- 
terial washed. But even if a more liberal supply of ivator 
must bo pumped, tins will permit the moving of the material 
to sluices at a cost below that required for dredging, and much 
below that which prevails at the active ground-sluicing opera- 
tions. 

The project is to use the irrigation-ditches for convoying 
water to the gold-placers , hut it may be found advantageous 
to attack some of the auriferous sands with water which need 
not bo elevated as high as for the ditches, and greater service 
can thus he secured from a given river-volume, applied as ])()wer 
to pump the water for washing If, however, gold-wuRhing 
is carried on as an adjunct to an iiTigation-system as planned, 
there is opportunity for special saving in each departmeul. 

A late report of hydraulicking from the end of one of the 
irrigation-ditches indicates the recovery of gold (.938 to .951 
fine) to the value of from 50 to 75 cents per cubic yard of ma- 
terial moved. 

All of the gold in the Suako River district is finely commi- 
nuted, and the magnetic iron sand associated with it is also 
cpiite finely divided. 

Iron-Sand . — ^Iii the extraction of gold a large amount of this 
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finely comminuted iron-sand is collected as a by-product ; and 
if tins can be obtained free from other sand by supplementing 
the sluice-work with magnetic-separators, it may be possible to 
form the material into briquettes and smelt it in blast-furnaces, 
or it can be converted into iron-sponge by a direct process. Up 
to the present time, the difficulty of obtaining a uniform prod- 
uct has interfered with the utilization of direct processes, but 
future advances may make these sands convertible, at present 
this is not assured. The distribution of the iron-sands is such 
that the cost of winning them alone will be too great to en- 
courage their utilization ; but when obtained as a by-product 
from gold-washing, it may be possible to convert them into 
merchantable material 

The Lighting and Heating of Pocatello — ^By railroad, Ameri- 
can Falls is 26 miles from Pocatello, but a pole-line can reduce 
this to about 22 miles, by utilizing a pass. 

Pocatello, with a population of 6500, is located in the Fort 
Flail Indian reservation, and consequently has little near-by 
farm-land to contribute to its prosperity , but much improve- 
ment is expected from the passage by Congress of a bill which 
provides for the purchase of 100,000 acres of the reservation, 
tributary to Pocatello, and the opening of it for settlement. 
This means cultivating the farm-lands and exploiting the min- 
eral deposits. 

It 18 contemplated to utilize a portion of the power available 
at the American falls to generate electricity, which will be 
conveyed to Pocatello, and to provide for such industries as 
may find the use of cheap power desirable at or near the falls. 
The fact that the railroad crosses the Snake river immediately 
at the falls gives encouragement to expect such possible utiliza- 
tion of a part of the power 

The general scheme is an evidence of the revival of interest 
in water-power development which characterizes the present 
time — a revival made possible chiefly by improvements in the 
design of water-wheels, and in the application of electrical 
energy to many purposes 

The features of this undertaking, now in the initial stage of 
development, have been described in order to invite attention 
to the possibilities of other localities which may possess similar 
advantages 
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A Peculiar Siliceous Efflorescence upon Pig-Iron. 

BV B E PACKENTIIAL, JR , RIEQELSVILLE, PA. 

{Washington Meeting, Ecbruaiy, 1000 ) 

At the session of the Bethlehem, Pa., meeting of the Insti- 
tute, held in the Durham Cave, at Durham Piirnace, on the ah 
teriioon of May 20, 1886, I exhibited some spcuimons ot a 
fibrous white efflorescence which had exuded Iroiii the pig-iron 
at that time being made at Durham Furnace As sonic of the 
members expressed an interest in the matter, I promised to 
have complete analyses made, and to report the result iii a paper 
to the Institute The presentation of the paper has been long 
delayed, but there appears to be no other literature on tins 
subject, and it may still be of interest. 

The efflorescence was found to exude from the pig-iron 
where the pigs were broken hot from the sow , tliu entire frac- 
ture of both pigs and sow often being entirely coated with Hub 
material. Sometimes there was only a white surlace, as if the 
ends had been daubed with white paint ; hut in most cases the 
material was found in small globules and in thin shouts. If 
the iron had been broken a little too hot, and m coiiseiiucnco 
had “ bled ” on sciiaratnig from the sow, some of the elHores- 
cciice would be found deposited on the iron-drippings, and on 
the inerustations of sand in the pig-hed. 

The globules were irregular in shape, some of them eiiiiiva- 
lent ill mass to spheres three-eighths of an inch in diaineier, 
but most of them much smaller. The tliiii sheets were also 
irregular in shape, and, although they were not porous, were 
often not thicker than a spider-web. Borne of them were pro- 
duced by the peehng-off of the tbin coating on the pigs above 
referred to. Tliey were opalescent in appearance, and some of 
them had an area equivalent to two square inches ; but the 
largest pieces would fall apart in handling. Bevcral ouiKiCS of 
the efflorescence could often ho picked up, or scraped off the 
pigs, after each cast. 
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Analysis of the efflorescence hy Dr. P W Sliimer gave re- 
sults as follows 


Analysis of Efflorescence upon Pig-Iron. 



Per cent 

Per cent 

Silica, 

94 87 

97 67 

Oxide of non, 

. 0 98 

1 01 

Oxide of mangane&e, 

0 25 

0 26 

Lime, 

. None 

None 

Magnesia, 

None 

None 

Titanic acid, 

0 95 

0 98 

Loss on Ignition, 

2 87 


Total, 

99 92 

99 92 


The first coliiron shows analysis of the sample after being 
carefully separated from sand The second column represents 
the same sample with the loss hy ignition (winch was princi- 
pally graphite) eliminated 

Dr. Shinier also examined the material under the micro- 
scope, and observed, besides the radial fibrous efflorescence, oc- 
casional cubical crystals of titanium carbide, and some minute 
hexagonal crystals which he thought were graphite 

The analysis shows that the material is composed of about 
96 per cent of silica, and seems to point to the presence, in the 
pig, of either uncombined silicon or some peculiar silicide 
At the time this efflorescence appeared, the furnace was 
making Bessemer pig-iron, a careful sampling of which was 
made during the week ending May 22, 1886, and analyzed by 
Dr P. W. Shinier as follows • 

Analyses of Bessemer Irons. 


Elements, 

FBACrUHE 

No 2X 

No 2 Plain 

. 

Open Criay 
Forge 

Hard Gray 
Forge 

Phospliorus , . 

Silicon . 

Snljiliur 

Manganese 1 

Graphitic caibon 
Combined caibon j 

Titanium . , , 

Iron, etc , by diffeience 

Total 

Per cent 

0 084 

1 440 

0 042 

0 174 

2 970 

1 020 

0 055 

94 216 

Per cent 

0 080 
1000 

0 068 
0173 

2 810 

I 200 

0 027 

94 642 

Per cent 

0 079 

0 840 

0 061 

0 161 

2 808 

1 182 

0 032 

94 837 

Per cent 

0 U84 

0 670 

0 116 

0 121 

2 520 

1 450 

0 019 

95 120 

IbO 000 

100 000 

100 000 

100 000 
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Dr Shinier found also 0.024 per cent calcium and 0 005 
per cent, magnesium in the sample with hSTo 2 X Iracture, 
whether present as metallic alloys or due to intermingled slag 
has not been determined. The irons with Xo 2 plain and gray 
forge fractures were not tested for calcium and magnesium. 
As the analyses show, the silicon in all grades is low, which 
was characteristic of all iron made on the mixture of ores 
used at that time I have no memorandum to show whether 
the exudation was the same on all grades of iron, but my recol- 
lection IS that there was very little, if any, diUbrence. The 
larger proportion of the iron made was of the softer grades. 
It 18 difficult to explain why silicon should Inpiate from any 
pig-iron, particularly one so low in silicon. 

Those analyses show that the dilicrent grades of pig-iron, as 
determined by the apjiearance of fracture, contain practically 
the same amount of graphitic carbon, with varying amounts of 
silicon. The graphitic carbon in the hard gray forgo is par- 
ticularly high for that grade. The ojien gray forge (by frac- 
ture) was doubtless a softer iron than the Xo 2 plain (by irae- 
turc). This 18 indicated by the lower sulphur and lower 
combined carbon, as well as by the higher titanium, it is 
interesting to note that, as always, the titanium is highest in 
the softest irons, and (the iron having hcon made under the 
same conditions) the graphite follows the silicon, and the com- 
bined carbon follows the sulphur. 

The ore mixture was made up of A Durham Surface, i®(r 
Durham XattlcsiiakG, y \ Lake Mahopac, X, Y., I'^or Elba ijavato, 

Pormaii Spanish. 

The analyses of the ores, all dried at 212° F., arc shown in 
the table on page 527. 

Prof. McCreath writes that he has found from a trace up to 
0.105 per cent of arsenic in Porman ore, hut has never found 
more than a trace m Elba Lavato. 

The Porraaii Spanish ore, as the analysis shows, coulained 
0.668 per cent, of lead. As the mixture coiiiained one-eighth 
of that ore, the average lead in the ore-mixture was ecpiivalent 
to 0 071 per cent This lead was reduced in the furnace, and, 
being of a heavier specific gravity than the iron, settled on the 
bottom of the hearth. For a long time no effort was made to 
collect and save the lead, and it was allowed to run out oi’ the 
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Analyses of Ores in Blast-Furnace Charge. 


Locality 

Durham 

Surface 

Mine 

Durham 

Rattle- 

snake 

Mine 

Lake 
Mahopac, 
N y 

Elba 

Lavato 

Perm an 
Spanish 
Average 
of Several 
Analyses 

Average 
Analyses 
of Ore- 
Mixture 

Chemist 

r w 

Shnner 

P W 
Shimer 

A S 

McCreath 

A S 

McCreath 




Pei cent 

Pei cent 

Per cent 

Pci cent 

Per cent 

Per cent 

lion sesquioxide 

61 070 

56 730 

52 018 

87 238 

74 630 

68 703 

Iron piotoxicle 

5 660 

11 500 

22 885 

0 718 


7 368 

Silica 

30 <150 

25 840 

8 780 

6 195 

8 810 

15 526 

Lime 

0 070 

0160 

1 450 

0 880 

0 420 

0 637 

Magnesia 

0 170 

0 820 

10 065 

0 479 

0 180 

2 198 

Alumina 

0 960 

2 220 

3 078 

1 850 

1 360 

1 843 

PhosphoiiG acid 

0 060 

0 096 

0 028 

0 027 

0 056 

0 048 

Sulpliui 

0127 

0105 

0 014 

0 054 

0 100 

0 077 

Titanic acid 

0 103 

0 300 

tiace 



0 063 

Manganese oxide 

0 100 

0100 

0186 

0 063 

1 200 

0 242 

Alkalies 


1 010 

0 427 



0 206 

Carbonic acid 



0 251 



0 047 

Combined ivater 

1 150 

1000 

0 758 

•2 351 

9 680 

2 600 

Total 

99 920 

99 881 

99 940 

99 855 

1 

99 458 

Metallic lion 

47 150 

48 650 

64 225 

~61 625 

62 240 

53 824 

Phobphoiub 

0 026 

0 042 

0 012 

0 012 

0 025 

0 021 

Sulpliui 

0 127 

0 105 

0 014 

0 054 

0 100 

0 077 

Manganese 

0 063 

0 063 

0 144 

0 044 

0 768 

0 159 

Zinc 





0 104 

0 013 

Lead 





0 568 

0 071 

Watei, hygioscopic 



0 048 

7 326 

4 747 


Iron, natuial condition 




57 110 

49 770 

62 104 


furnace at casting-time, and would become oxidized and subli- 
mated Tins could readily be observed by the color of the 
fumes when casting. At the suggestion of some of the furnace- 
mon, a successful effort was made to save the lead. A few 
minutes before casting, the tapping-hole was pared quite thin, 
and as the iron was tapped 8 or 10 inches below the bot- 
tom of the iron-trough, a depression was formed, and the lead 
was allowed to percolate through the thin clay covering at the 
iron notcli into this depression, from which it could be ladled 
out, a few pounds at a time. The men were paid a half-a-cent 
a pound for the lead in addition to their wages , and this soon 
caused a rivalry between the two shifts as to which could pro- 
duce the most lead. The aggregate lead thus saved before the 
mixture was changed amounted to about 25 tons. An analysis 
of the lead, made by Dr. Edward Hart, Easton, Pa , showed 
that it contained 17.15 oz. of silver to the ton On blowing out 
VOL. XXX.— 33 
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the furnace, and cleaning it out preparatory to re-lining, it was 
noticed that considerable metallic lead had found its way into 
the joints between the courses of brick. This lead was also col- 
lected and sold. 

During the same blast a ring of cadmia was formed, extend- 
ing completely around the furnace just below the stock-filling 
line After some difficulty in breaking the circle or arch of the 
ring, it dropped into the furnace-hearth. The lining, where 
the ring had adhered to it, was left clean, and showed less wear 
than any other part of the furnace-top. This cadmia was sold 
to the zinc-works at Jersey City, If. J. It had the following 
composition 

Analysis of Famacc-Cadmia. 


rei oont 

Silica, . . . .... 0 55 

Sesquioxide of iion, 1 40 

Oxide of zinc, ... . . . 97 25 

Carbon by difference, 0 80 

Total, , .... 100 00 


The foregoing descriptions and analyses of the charge and 
products of the furnaeo have been given licro, as olL'inenls in 
the situation as it existed when the mysterious siIkh'ouh efllor- 
escenee constituting the main subject of this paper was ob- 
served. I do not believe that the segregation of metallic 
lead or the formation of furiiace-eadmia was directly coiiiuu'ted 
with that efflorescence; but, on the other hand, so long as the 
cause of the efflorescence is unknown, it seems wise to jhice on 
record all concomitant circumstances which could [lossilily be 
related to it. 

In closing, I -will mention a curious occurrence which does 
not belong to this case at all, but may be worthy of attention. 
It was new to me when observed, and I have not Bt'cn it, or 
any description of it, elsewhere hTamcly, at the end of one of 
the earlier blasts at Durham furnace, in removing the red liricks 
which formed the back-wall next to the shell, and which luul 
been put into place dry, without mortar of any kind, it was 
found that upon a great many of them amber-colored crystals 
had been deposited, consisting mostly of pure ammonium chlor- 
ide. A complete analysis of this deposit was not made; the 
color may have been due to the prcHcnee oC iron, or to some 
organic matter. 
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The Assay of Copper-Materials for Gold and Silver. 

BY L D GODSHALL, SPOKANE, WASHINGTON 
(Washington Meeting, February, 1900 ) 

The extreme difficulty of obtaining a short and, at the same 
time, exact method for the determination of gold and silver in 
copper-materials has been well illustrated in “ Assays of Cop- 
per and Copper-Matte,” and its discussion, by Dr A E. 
Ledonx and other leading authorities on tins subject ^ 

Two general methods were used by the numerous assayers 
who took part in the symposium initiated by Dr. Ledoux, and 
whose results are given in the paper and discussion, One of 
these is the dry or fire-method, consisting of scorification and 
cupellation, the former being repeated if the percentage of cop- 
per is very high, all slags and cupels being assayed and the re- 
sults so obtained added to the ordinary assay; and the copper 
retained by the silver buttons being determined and deducted 
from the combined weight of the buttons obtained from the 
assay of the original material, the sconfication-slag, and the 
cupel. 

The other is the wet or combination-method, which, while 
not involving so much work, requires a longer time. Bnefiy, it 
is as follows ■ The material to be assayed is dissolved in nitric 
acid, the solution is diluted, and the fine undissolved gold is col- 
lected by means of sulphate of lead, formed by the addition of 
lead acetate and sulphuric acid to the solution. After standing 
from 12 to 24 hours, the precipitate is filtered off, and the sil- 
ver in the filtrate is precipitated as a chloride or bromide, and 
collected by means of sulphate or bromide of lead. The solu- 
tion containing this precipitate in suspension is again allowed 
to stand until the precipitate has settled. It is then filtered ; 
both precipitates, containing the gold and silver, are dried, 
ignited and scorified, either separately or together, and the re- 
sult is cupelled in the usual wmy. 


Tiam , xxir., 575 ; xxv , 250, 1000. 
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The above methods are open to several objections, the most 
important of which are the amount of work required for the 
one, and of time for the other. Moreover, the iindissolved 
gold IS naturally 111 an exceedingly fine state of division, ihe 
sulphate of lead, though heavy, is a hue precipitate, slow io 
filter, and, unless care is taken, liable to go through the filter- 
paper. Again, in case any gold is dissolved, through impurities 
in the reagents, or from otlier causes, there are no means of 
detecting or saving it. In order to overcome these objections, 
the writer proposes to make use of two reactions, namely, 
the fractional precipitation by means of 1128 and the reac- 
tion between precipitated copper sulphide and a soluble salt 
of silver. 

The method as jiroposed is, in brief, as follows- Take 
0 5 to 4 A. T of the material ‘to be assayed (the quantity do- 
peiidiiig on the contents 111 gold and silver) Dissolve in 
dilute nitric acid, adding a small quantity of sulphuric acid at 
the same time The latter is not absolutely necessary, but 
facilitates the subsequent removal of the excess of nitric acid. 
The nitric acid should be added 111 small quantities at a time, as 
required, to avoid too violent action, and the use of a large ex- 
cess. When the solution of the copper is complete, the excess 
of nitric acid is evaporated, and the remaining solution is 
allowed to cool, and is then diluted, first with a little cold, then 
with hot water, and HgS is passed into the hot solution for a 
few moments. The exact time has not been doterniinod, but 
will depend on the contents of silver and the flow of the gas 
The idea is to precipitate just enough sulphide of copper tiO in- 
sure the complete precipitation of the silver, and at the same 
time to collect the very fine undissolved gold. If any of the 
latter is 111 solution, the precipitated sulphide of copper will re- 
act upon it and render it insoluble. The precipitated siilphidcH 
of silver and copper are coarse and flocculeiit, and settle almost 
immediately. The fine gold is readily collected by theso sul- 
phides; and the solution can be filtered in a very short time. 
The precipitate is dried on the filter-paper, which is then ignited 
very gently in a scorifier in front of the muflle, and scorified in 
the usual way. 

The filtrate obtained from the above precipitation can be 
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tested for silver with a pinch of salt or a drop of HCl , or tins 
may he added at the time HgS is passed into the solution 

The object of all partially wet methods for the assay of gold 
and silver in the presence of copper is to remove the latter, to 
avoid the otherwise heavy losses in cnpellation It may be 
objected to the method here proposed that, after attempting to 
remove the copper, it again mixes a certain quantity of that 
metal with the gold and silver. It is evident, however, that 
the quantity of copper thus added to the gold and silver can be 
BO regulated as to be insignificant in amount, and in nowise to 
affect the accuracy of the assay. 

The advantages of this method seem to the writer to be of 
considerable importance. The reagents used need not bo 
chemically pure ; the time required is but little more than that 
iiecdod for an ordinary assay , and less care and skill are neces- 
sary for the determination than other methods demand. 


Further Notes on the Bertrand-Thiel Process. 

BY JOSEPH HARTSIIORNE, STOWE, PA. 

(Washington Meeting, February, 1900 ) 

The nature of this process and the general course of its de- 
velopment have already been described by me in two papers 
read before the Institute. 

Since the latter paper was read, in February, 1898, the de- 
velopment at Ifladno has been almost altogether in the direc- 
tion of using metal direct from the blast-furnace This has 
now boon the regular practice for about a year The molten 
metal is brought from the furnace in ladles, without the inter- 
vention of any mixing- or accumulating-reservoir. 

The plant remains practically the same as originally de- 
scribed by me,t except that the primary furnace has been en- 
larged as much as was permitted by the existing conditions 
This was done primarily in order to increase the capacity of the 


^ Trems , XXVI , 3S0 , xxviii , 254. 


t Trans , XXVI , 380 
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plant, by enlarging the limiting factor ; but advantage was also 
taken of tho opportunity to change the design of the furnace, 
by making the hearth as long and wide as possible. By this 
means the area of surface-contact between tbo metal and Ihe 
oxidizing slag was increased, thus increasing the rcUpidity ol the 
reactions. 

I have received recently from Bohemia a detailed report ot 
the operations at Kladno during tho latter part of June, 1899. 
For convenience of reference and study, I have prcpsi-rcd a 
summary of this report, and preface it with the following gen- 
eral information 

Tho liquid pig-iron, as it came from the hlast-fnrnacc, had 
the following average composition • carbon, 3 5 ; pliosphorus, 
1.5; silicon, 1.0; and manganese, 0.4 per cent. Tho average 
composition of the metal as it came from the primary furnaco 
was* carbon, 2 4; phospliorns, 0.10 to 0.20 per cent.; and 
silicon and manganese, a trace The slag from the primary 
furnace contained from 20 to 28 per cent, of phosphoric acid 
and from Y to 9 per cent of iron. 

Tho report begins with the first heat of tho day-turn of 
Monday, June 10th, and ends with the day-turn of Jane 30th 
It includes ten and a half working days, or 21 turns, during 
which time 80 heats were completed Tho first heat was made 
u]) of solid stock, which was charged cold ; but all tho other 
heats were made up of direct metal and cold pig in tho primary 
furnace, and cold scrap in the finishing-furnace. 

The term “ interval,” as used in this report, means tlio time 
included hot ween the tapping of one heat and the tapping of 
tho next one in the same furiiacG , that is, the entire time for a 


heat, including repairs and charging. 


Summary. 

Total number of days, 

10 5 

Total number of turns, 

21 

Total number of heats, . . . . . 

80 

Average number of beats per day, . 

7 0 

Average proportion of liquid i>ig in the charge, 

79 22 per cent. 

Aveiage proportion of cold pig in the charge, . 

6 50 “ 

Average proportion of cold swap in tho charge, 

14.28 “ 

Average weight of chaigc in the piimary furnace, , 

12, .809 kg 

Average weight of chaige in the finishjng-furnace, 

14,369 “ 

Average total charge, including spiegcl, etc , . 

15,058 “ 
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Average total product, including scrap, . 

Aveiage product of ingots, etc , 

Aveiage piopoition of oie used in primary furnace, 
Aveiage proportion of ore used m fimshing-furnace, 
Average proportion of limestone used in piimary 
furnace, 

Aveiage pioportion of limestone used in finishing- 
fui nace, 

Aveiage interval for primary furnace, 

A vei age intei val for finisliing-furnace, 

Aveiage time metal remained in piimary furnace, 
Aveiage time finisliing-furnace was empty. 


14,989 kg, 

12 89 per cent 
10 61 “ 

6 10 “ 

2 61 ‘‘ 

Sh 0 15 m 
31i 0 10 m 

111 57 70 m 
Ih 2 30 m 


Stock Account 

Total charge, including spiegel, etc , . 1,204,630 kg 

Total pioduct, including scrap, . 1,199,134 kg 99 64 p c 


Total loss, . 


6,490 kg 0 46 p c 


Ingot Account 

Total dial go, including spiegel, etc , . 1,204,630 kg 

Total pioduct of ingots, etc , . 1,164,738 kg. 96 69 p c 


Loss to ingots, 


39,892 kg 3 31 p. c 


The iron of the ore is not included in the freight of metal 
charged About 1 per cent, of scrap is recovered from the 
slag, mostly in the form of shot, hut this is not included in 
the amount of scrap shown in the above account 

The time the charge remains in the furnaces being so nearly 
the same for each, the limiting factor of the plant is the size 
of the smaller furnace, which, in this case, is the primary one 
The general result of the operations covered by the report 
summarized is, that an average of *7 6 heats per day, averaging 
14,559 kg. each, or a total of 110.66 metric tons, was obtained 
from a pair of furnaces, the limiting one of which had a 
capacity of about 13 tons This product was made with a 
total loss of 0.46 per cent and a loss to ingots of 3 31 per 
cent The finishing-furnace was empty for about one-third of 
the time, averaging one hour and two minutes to a heat ; hut 
a part of this time was, of course, taken up by the repairs. 
These repairs were, however, very light. 

Since the end of dune the work has been carried on upon 
the same lines, with a slight but decided increase both in num- 
ber and weight of heats per day. The last detailed report re- 
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ceived tip to tlio time of tliis writing was for the week ending 
December 9, 1899 The actual time of working was forty-five 
minutes less than a full week of six days The following is a 
summary of the operations for this week. It is not given in 
such detail as the one for Juno, since the general leaturcs arc 
practically the same. 


Summary of Hepori for the Wook lEridmg Docemhor 0, 1899. 


Total time occupied, 

Total number of heats, 

Average number of lieats per da 7 , 
Aveiage weight ol ingots per heat, . 
Average daily pioduct of ingots, 
Total pioduct of ingots for the week, 
Total amount of ore chaiged, 

Total amount of limestone chaiged, . 


5 d , 23 h , 16 m 
48 
8 

16,220 kg 
. 121,7(i0 " 

, 730,670 “ 

184,660 “ 
70,200 “ 


Stock Account 

Pig, liquid, 

Pig, cold, 

Old rolls, 

Scrap, 

Total, . 
Spiegel, . 
Perro-raanganese, 

Total, . 

Total product, 

Total gain, , 

Ingot Accotent 

Total metal charged, 
Total ingots, etc , 


571,190 kg — 79 7() pci cent. 

73,390 “ = 10 26 “ 

16,290 " = 2.27 “ 

66,280 “ = 7 72 “ 


716,150 kg =100 00 per cent 
8,480 “ - 1.18 “ 

10,400 “ = 1 45 “ 


. 736,030 kg. 
748,560 “ 


13,630 kg = 1.84 per cent. 


. 735,030 kg 

. 730,670 “ — 99.40 percent. 


Loss to ingots, 

Amount of slag from primary furnace. 


4,360 kg = 0 00 per coni 
81,000 kg 


This shows an average daily product of 8 heats, each weigh- 
ing 15,220 kg , or a total of 121, *760 kg., with a total gain for 
the week of 1.84 per cent, and an ingot-product of 99.40 per 
cent. The ore used is Gellivara, containing about G7.0 x>er 
cent, of iron. These results are the more remaricahle, when it 
is remembered that the charges wore made up of from 85 to 90 
per cent, of pig-iron, containing 1.6 per cent, of phosphorus 
and 1.0 jier cent, of silicon. 
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Since tlie oxidizable impurities of the hath, which make up 
the unavoidable loss, amounted to 6.4 per cent , and an abso- 
lute gain of 1 84 per cent, was made, there must have been at 
least 8 25 per cent of iron reduced from the ore. If we add 
to this the 1 per cent of shot in the slag, and remember that 
there is always a certain amount of the iron of the charge 
which is oxidized (amounting to from 2 to 4 per cent, in the 
ordinary open-hearth process), it is safe to say that an amount 
of iron was reduced from the slag equal to at least 11 to 
12 per cent, of the metal charged. This, of course, is 
merely a rough calculation (several of the minor factors being 
ignored), and, while interesting, is not of so much import- 
ance as the fact that an absolute gain of 1 84 per cent, was 
made with an ingot-product of 99.4 per cent The average 
for the month of December was 102 kg. of total product for 
every 100 kg. of metal charged, with an ingot-product of 98.2 
per cent. 

The production of 81 6 metric tons of slag, containing from 
20 to 23 per cent of phosphoric acid, is a factor not yet so 
important in this country as in [Europe, where between 400,- 
000 and 500,000 tons of basic slag per year are used as a fer- 
tilizer. "With proper efforts, however, the great value of this 
material must eventually be appreciated by our farmers, and a 
good market obtained for it. 

On page 261 of vol. xxviii. of the Transactions I have given 
summaries of the deductions which, it seemed to me, were to 
be drawn from the experience up to that time. These deduc- 
tions have been practically substantiated by the results of the 
subsequent operations at Kladno ; but there are two modifica- 
tions which should be made in the section (3) on that page 
relating to the use of direct metal. The later results have 
shown that the two furnaces, constituting the unit of a plant 
for the use of direct metal, should be of the same size, or, 
rather, capacity , and that the weight of the heat is determined 
by the capacity of the smaller one, should there happen to be 
any difference between them 

In a plant which is built on different levels, as at Kladno, 
and in which the metal runs from one furnace to the other by 
means of a trough, the upper furnace is always the primary, 
and the lower furnace the finishing, one. Where the furnaces 
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are all on one level and the primary metal is transferred by 
means of ladles, each furnace may be either a primary or a 
iiiiishing one, as cirenmstanees may determine. In the first 
case, where each furnace is always used for the same purpose, 
a certain advantage may be gamed by modifying the design to 
suit the special function intended It would then be better 
that the primary furnace should have a hearth with as large 
an area as possible, thus giving a shallow bath, with great sur- 
faee-contact lietween the metal and the slag. Tins will shorten 
the operation by hastening the reactions, and, at the same time, 
will somewhat reduce the repairs. The finislimg-furuaec 
should have a deeper bath, in order to lessen the danger of 
oxidizing the metal 

When all the furnaces are likely to be used for cither pur- 
pose, this differeiiCG in form cannot be taken advantage of, and 
the furnaces should he designed to suit the finishing part of 
the process In ray opinion, the loss of time duo to the use of 
a deeper bath in the primary furnace would he much more 
than made up hy the greater simplicity, convenience ami flex- 
ibility of the plant 

In conclusion, I would again point out that this process is 
exceedingly advantageous for those localities where scrap is 
scarce and dear, and large quantities of pig-iron, high in sili- 
con or phosphorus, or in both, have to he used. This has lately 
been shown again in an extended series of experiments made 
in an English plant. The detailed results of these experimoiiis 
have not yet reached me, hut, among other things, they showed 
that a pig-iron containing from 2 76 to 3 per cent, of phospho- 
rus and comparatively high silicon could ho used without 
lengthening the process. The arrangements for making these 
trials were somewhat imperfect, as compared witli a plant 
designed for the particular purpose, hut the results wore prac- 
tically the same as those obtained at Kladno. 
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The Oil-Bearmg Shales of the Coast of Brazil. 

BY JOHN C BKANNER, STANFORD UNIVERSITY, CAL, 

(Canadian Meeting, August, 1900 ) 

Shales rich in oil are fonncl at several places along the coast 
of Brazil. The material has been prospected at several places, 
and samples have been examined and reported upon by com- 
petent authorities. So far as I am acquainted with them, these 
oil-heanng beds are of Tertiary age. A glimpse at the dis- 
tribution and cliaracter of the Tertiary rocks of the region 
should give us some idea of the possible distribution of these 
oil-bearing shales Tertiary rocks skirt the northeast coast 
of Brazil from the northern part of the State of Espirito Santo 
almost or quite to the Amazon valley Here and there this 
narrow strip is cut in two by the encroachment of the sea, and 
the underlying gneisses, granites or other crystalline rocks are 
exposed upon the beach In other places, the Tertiary belt 
widens out until it is 80 kilometers or more in width. Fig. 1 
is a sketch-map of a part of the coast-area referred to. 

Along the coast from Prado, in the State of Bahia, north- 
ward to Hatal, there is a line of bluffs from 15 to 90 meters 
high, interrupted here and there by stream-valleys. As seen 
from the sea, these bluffs are rather conspicuous and highly 
colored yellow, brown, red, white, black, and purple. These 
colors are often so mingled as to give the beds a mottled or 
parti-colorcd appearance. Fig. 2 shows a characteristic bit of 
the coast in the State of Parahyba do Horte. In some places, 
especially in the southern part of the State of Sorgipe, and in 
the northern part of Bio Grande do Horte, the immediate 
coast is covered with sand-dunes. Here and there these sand- 
dunes have been carried inland over the top of the Tertiary 
beds, and the subsequent encroachment of the sea has exposed 
the Tertiary rocks again, where they form the bases of the 
bluffs. This is well shown in Fig. 3, from a photograph taken 
at Bahia Formosa, on the coast of Bio Grande do Horte. 



Fig. 1 



The width of the Tertiary 
belt has been clciermiiiocl at 
several places. Owing partly 
to the fact that tlio landward 
margin of the bode is generally 
more or less ragged, and partly 
to the laede of good maps, theso 
measurements must be ac- 
cepted as only approximately 
correct 

1 From Porto Alegre, just 
south of CaravelhiB in southern 
Bahia, along the Eio Muciiry 
to the Serra dos Aymores, 80 
kilometers. This does not in- 
clude the Ahrolhos iBlande of 
the coast, winch are also Ku- 
cene Tertiary. 

2. At Ilhcos, Bahia, there 
are no sedimentary beds; the 
crystallme rocks a])pcar on the 
shore. 

3 At Oamamu, 22 kilome- 
ters. 

4. From Bahia t.o the west- 
ern margin of the series near 
hTazarcth, 50 kilomotors. 

5. From Bahia m the direc- 
tion of Fcira do Santa Anna, 
82 kilometers. 

6. Across the axis of the 
basin at Alagoiuhas, Bahia, 80 
kilometers. 

Y. From Aracajil to the 
Serra dTtabaiaidnha, 80 kilo- 
meters. 

8. Along the Rio Silo Fran- 
cisco from its month to Pro- 
prhl, 60 kilometers. 

9. FromMaceio toCachoeira 
along the Alagoas railway, 83 
kilometers. 

10. At Pedra do Conde, 






The Gray Unaltered Sediments at the Base of Morro de Camaragfbe, Merging into the Highly-Coloi’ed Beds of the mil-' 
Wave-Cut Terrace of Oil-Shales in the Foreground. 
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soLitli of Tamandare, 0 kilometers ; granite is exposed on the 
beach. 

11 At the month of Rio Formoso, State of Pernambuco, 3 
kilometers 

12. At Capo Santo Agostinho, Pernambuco, 0 kilometers ; 
granites and porphyries on the beach. 

13. At Pernambuco along the Great Western of Brazil rail- 
way, the granite is exposed J kilometer above Macacos ; Y kilo- 
meters. 

14 On the Central de Pernambuco railway the inland mar- 
gin of the Tertiary is about kilometer 10, two kilometers 
above Tigipio. On the Recife ao Sao Francisco railway the 
Tertiary beds are not exposed, the first recognizable beds 
being crystallmo rocks at Cabo, kilometer 31. 

16 At Parahyba do Rorte on the Conde cTEii railway, 30 
kilometers. 

IG. At the Rio Oranclo do I^orte the ISTatal alTova Cruz rail- 
way does not cut square across the Tertiary, but runs southward 
parallel with the coast and on Tertiary beds for most of its 
length. It crosses the Matahu river on the gneiss, so that the 
Tertiary varies in width here from 15 to 50 kilometers 

At Bahia, Tertiary beds are let down by a fault behind a 
narrow strip of crystalline rock which, northeast of that city 
for many kilometers, separates them from the ocean. 

In my work upon the stone and coral reefs of Brazil, a trip 
was made on foot along the beach from Pernambuco to Maceio, 
in the State of Alagoas. This trip afforded an excellent oppor- 
tunity for soomg the best exposures of these rocks to be found 
in the country. 

The scries to which the oil-shales belong is exposed in many 
places about Capo Santo Agostinho, Rio Formoso, Tamandare, 
Abreu de IJna and Maragogy, but at these places the un- 
weathcred shales were not found. 

Going south from Pernambuco, the oil-bcaring shales were 
first found upon the beach just south of the mouth of Rio 
Maragogy, 9*^ 3' S. latitude, in the State of Alaghas. At this 
place they are uncovered at low tide and extend seaward for a 
few hundred meters, forming a wave-cut bench. They are also 
exposed in the hank above the reach of high tide. The beds 
are more or less wrinkled, and a small syncliiie is plainly shown 
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■upon the bench at low tide. The dips observed arc 10° S. 11° 
W., and 6° S 81° W., magnetic. The shales all dip landward 
and beneath the red and mottled beds exposed in the clifts or 
line of hills that follow along close to and parallel with the 
coast at this place 

Between the mouth of Rio Maragogy and the village of Sao 
Bento, at a venda called Camaxo, the sea has cut into a bed of 
heavy conglomerate rocks that underlie the shale beds. Im- 
mediately south of these conglomerates, black shales arc 
exposed at low water. These shales contain many hncly broken 
plant-remains. The dips of the shales at this locality vary as 
follows 9° S. 00° W., 4° 8. 80° W., 4° 8. 33° W., 10° 8. 
60° W., all magnetic. 

It is iioticeablo mall these cases that the dips carry the rocks 
downward toward the hills that follow the eoast-liiic. 

At Japaratuba, just south of the mouth of a small stream, 
low tide exposes conglomerates, sandstones and shales, dipping 
8. 80° W. The exposure extends seaward about 800 meters 
from the beach 

In front of Pitingni (9° 7' 8 lat.) shales are exposed at low 
tide dipping 9° R. 70° W and 7° due west, dusi north of 
Pitmgui, however, a red cliff rises to an elevation of Homcthiiig 
like 90 meters. 

There is another interesting exposure of the bIuiIgs at a pla<;c 
called Barreira do Boqueirao, between one and two leagues 
north of Porto das Pedras. Here the sea has cut into the foot 
of one of the red hills and has exposed about 7 motors of 
mottled, gray and rod sandstones. The shale is visible to the 
south of this exposure, partly covered by soil and vegetation 
from the lulls above. The shale where exposed is about 2 meters 
thick, but it 18 possible that it has a thickness of 8 or 4 meters. 
Along the shore the exposure is about 100 or 150 meters long. 
The dip varies considerably both in amount (10° to 16°) and 
direction, but for the most part the dip is inland and toward 
the red hills of the coast. The hills above this particular place 
are about 60 meters high. 

At the mouth of the Rio Maugudba (sometimes called Rio 
Porto Calvo), in the edge of the town of Porto das Pedras (8. 
lat 9° 10'), these beds are exposed again at the ferry. IToro 
the rocks are mostly sandstones; but they are of the same 



THE OIL-BEARIM SHALES OF THE COAST OF BRAZIL. 545 


series, imd tlie sliales are iiiterbedcled with them. The dip is 
southwest about 3° or 4°. 

In the bottom of the ernbayment south of Marceiierio, the 
shales are exposed at low water, with a coral reef overlapping 
them, as shown m the section, Fig 6 

The dips observed are 10° H. 39° W., and 13° H. 51° W , 
niagnetic ; about 185 meters south of this place the clip is 12° 
K 25° W. 

At the Barra do Basso or Barra do Camaragibe there is one 
set of exposures north of the mouth of the river oft the town, 
and another a league south of there at a place called Morro de 
Camaragibe or Barreira do Morro. 

On the beach m front of the town of Barra the shales dip 
inland toward the town at an angle of from 70° to 10°, and 


Fig 6. 



Geological Section at the Bottom oi the Emhayment S of Marceneuo, Showing the 
Slialob hipping Landwaid and Overgrown with Coial-Eeofs 


jiluiige beneath the hills back of the town. A section at this 
place would be something like Fig. 7. 

The exposures on the capo just south of the Camaragibe at 
the Barreira or Morro de Camaragibe are niinsnally good, 
especially at low tide. 

The cliffs are from 76 to 90 meters high. The upper beds 
are the well-known red, yellow and mottled beds of the coast; 
while at the base of the bluff's and uncovered at low tide are 
the shales and sandstones dipping landward. The lower heels 
form a wave-cut terrace about 1 50 m eters wide. At the northern 
exposure of the bluffs on the beach are many large boulders 
of pink granite, apparently washed from a basal conglomerate 
underlying the series exposed on the hills. Some of these 
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water-worn granite boulders (see Fig. 8) are about a meter 
in diameter The sandstones at the base of the bluff contain 
also rolled lumps of clay. The angle of the dip of tlio beds is 
usually low (from 5° to 10°) Several pits have been sunk 
about and south of the cape by an English company that 


Fig 7. 



prospected these shales some 10 or 12 years ago. Many of the 
shale bods contain large quantities of fragments of plants, 
so finely pulverized that no rGcognizablo forms wore rouiul. 
The exposures in the hlnffs here show in a satisfactory niamu'r 
that the mottled and highly-colored beds exposed in the clitls 



along this coast are the weathered parts of the Eocene hods. 

Eig. 4 is from a photograph taken from the wave-cut 
platform of shales on the seaward side of the hill The beds 
shown in this picture have a marked dip, and the portions 
of the rock at the base of the hill are gray and unuifected by 
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tliG weatlier I'ollowing the beds with the eye, one can trace 
many of the strata high up into the mottled and parti-colored 
beds tliat form the tops of the hills. To one near at hand, the 
transition from the iinwcathered to the weathered beds seems to 
be very gradual ; but to one standing a hundred meters away 
from the face of the bluft there seems to be a woll-delined line 
of dcmarkation between the gray beds below and the highly- 
colored ones above. This coloration afiects all the rocks of the 
top of the bluff down to an elevation of about 4 or 5 meters 
above tide-level. In the observations made on the spot I find 
this note “ I see absolutely no difference between this cliff 
and hundreds of others I have set down as Tertiary ’’ 

The company that prospected this locality for oil-shales sank 
6 pits south of the village of Barreira, one of which was 6 
meters deep The following are the determinations made by Mr 
Boverton Redwood of the composition of the shales taken 
from the pits at this place 

Composition of the Gamarag'ibe Shales 

Non-volatile 


Volatile Combustible Ash 

Per cent Per cent Per cent 


30 56 

9 45 

60 0 

24 8 

43 

70 9 

27.1 

12 2 

60 7 

25 6 

22 

72 8 

7.8 

2 9 

89 3 


Two kilometers south of the village of Barreira the shales 
form a wave-cut terrace, and the beds dip west at an angle of 
10°. (See Fig 5.) 

Going south from this locality there arc several kilometers 
of the red and mottled cliffs before one reaches the Barra de 
Santo Aiiionio. These cliffs are the beds above the oil-shales, 
or the weathered portions of the oil-shales themselves 

The blufls are about 30 meters bigh, and the colors are 
variegated and most brilliant. Seen from a distance, the colors 
seem to he due to the bedding of the rocks ; but upon examina- 
tion close at hand they are found to be due partly to structure 
and partly to weatbering. 

The next considerable exposures of tbe oil-sliales south of 
Santo Antonio Grande are at Riacho Doce (S. lat. 9° 36'), and 

VOL. XXX —34 
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"between that stream and another small one known as Grar 9 a 
Torta. 

The exposures at Riacho Doce are very much like the others 
mentioned above Inland about half a kilometer from the 
beach is a steep-faced escarpment, 60 to 90 meters high, of 
highly colored beds; while on the beach itself are exposed 
shales, sandstones, and heavy conglomerates, containing large 
granite blocks. The dips taken on the beach at low tide vary 
considerably, showing that the rocks here have been much 
wrinkled. I noted also some faults and overthrusts. The 
general structure can best be shown by a section, such as is 
given m Pig 9, which would answer for almost every one of the 


Fro. 9 



exposures seen. The heavy granite blocks indicate the near 
presence, at almost all of the exposures, of the granite which 
underlies them The shales all overlie the heavy granite con- 
glomerates. 

The only fossils found in these rocks thus far are diatoms, 
plant-fragments and fish-remains. The diatoms so far as ex- 
amined have no diagnostic value further than to show that the 
beds are of fresh-water origin, while the other plant-remams 
are so fragmentary as to be unrecognizable The fish-remams 
have been kindly examined for me by Prof. P. A. Lucas of the 
U. S. national Museum, who finds them to belong to the genus 
Diplomystus — a genus already reported from the fresh-water 
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Eocene beds of Bahia, ^ where the fossils were collected by Mr. 
Joseph Mawson at Itacaranha, Plataforma, and Agua Comprida. 

A section made across country from the coast inland at 
almost any point shows the same geology, with only local varia- 
tions In some places the shales are thicker , in others they are 
entirely wanting 

The same company that prospected the oil-shales south of 
the Rio Camaragibe has dug several pits near the beach at 
Riacho Boce also. Boverton Redwood found the shales from 
this place to be richer m oil than those of Camaragibe district 
The following table is taken from his report upon them f 



Cottvposition of the Riacho Doee Shales. 


Volatile 

Non-Volalile 

Combustible 

Ash 

No 

Per cent 

Per cent 

Per cent 

1 

34 9 

1 1 

64 0 

2 

46 3 

19 6 

34 2 

3 

26 9 

8 1 

65 0 

4 

32 8 

14 6 

52 6 

5 

25 4 

10 5 

641 


A further examination was made by Mr. Redwood of the 
richest of these shales (ISTo 2). This contained 4.7 per cent 
of sulphur, and upon distillation yielded 44 73 gallons of crude 
oil and 19 58 gallons of ammomacal water to the ton. Mr 
Redwood says further, in regard to these oil-shales 

“The presence of sulphur would not, however, be a serious drawback, if the 
crude oil were used as a liquid fuel, or as a source of gas foi illuminating pui- 
poses One ton of such oil would, if properly buined, affoid rathei more heat 
than two tons of good steam coal, and from each gallon of oil about 90 cubic feet 
of 60'candle gas could be produced 

“As regards the quality of the crude oil, it should be remarked that results 
obtained on the lahoiatoiy-scale of working are less satisfactory than those yielded 
when tlie shale is distilled on the manufacturing-scale in retorts of suitable con- 
struction The difference is far greater in the case of the ammomacal liquor, 
and a yield of probably as much as four times the quantity of sulphate of 
ammonia may be reckoned upon ” 


* “On two deep-bodied species of the clupeoid genus Diplomystus “ By A 
Smith Woodward Annah and Magazine of Natural History, Jan , 1896 , pp 1-2 
“A Contribution to the Vertebrate Paleontology of Brazil “ By E D Cope 
Proa. Amo . Phil, Soa , Jan , 1886, xxiii, 3-4 

[• BepoH on the Biacho Pace and Camaiagibe Shah Peposits on the (Joast of Biasil, 
near Macew. By Boverton Eedwood and William Topley (London, 1891 ) 
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The parti-colored beds follow the coast southward from 
Eiacho Doce to the city of Maceio and beyond. 

At Maceio the lighthouse stands upon the summit of this 
same Tertiary plateau. The beds exposed in and about the 
city are all more or less mottled, and along the line of the 
railway that runs westward between the lake and the hills 
these strata are cut at several places Eo fossils were found m 
these rocks either at Maceio or along the line of the Alagoas 
railway. At the Institute Archeologico e G-eographico Ala- 
goano, Dr. Costa Leite, the Secretary, showed me two fossil 
fishes, said to have been found at Eernao Velho, 14 kilometers 
from Maceio The rock containing these fossils is a limestone 
concretion closely resembling that in which the fossil fishes of 
Ceard are found Although the rocks at tlie base of the hills 
at Ternao Velho are yellow, cream-colored, and gray, that is, 
not so highly colored as the beds further up the hills, I am dis- 
posed to think that no importance should be attached to the re- 
ported origin of these fossils. The Cear§ fishes have been 
carried all over Brazil, as curiosities ; and it is quite possible 
that these specimens came from the Ceard beds, and, througli 
some accident, have appeared at Fernao Velho, or have been 
reported from there by mistake 

The Tertiary series is crossed almost at right angles by 
the Alagdas railway. About a kilometer and a half east of 
IJtmga station gray shales like those of Eiacho Doce arc 
exposed by the side of the railway. At several places along 
the line between Fernao Velho and Albuquerque are heavy 
beds of water-worn crystalline rocks, which I take to be the 
basal conglomerates of the Tertiary series. One of these 
exposures is immediately east of Cachoeira, where the con- 
glomerate bed IS about 10 meters thick At kilometer 83 
between Cachoeira and Albuquerque, the next station, the 
sedimentary series ends, and the railway west of these runs 
over granites and other crystalline rocks only. One cannot fail 
to observe the similarity of all these sections across the Tertiary, 
so far as their mam features are concerned, though this one 
from Maceio to Albuquerque is much longer than the others. 

Fig. 10 is an ideal section on the Alagdas railway. South 
of Maceio the Eocene beds are exposed about the shores of 
Lagda Manguaba, on Eio Jiquid and on Eio Onruripe, but I 
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do not know the western limits of the series m that direction 
except near the Hio Sao Francisco 

Where the shales are exposed about the east side of the Bay of 
Bahia they bear the strongest possible resemblance to the 
oil-bearmg shales of Alagoas I am not aware of any ex- 
amination or attempted working of the oil-shales near the city of 
Bahia or on the island of Itaparica Turfa beds, however, are 
reported from the northern part of the island of Tinhare, 40 
kilometers south of Bahia, and from Eio Itahipe in south 
latitude 14° 44' 

The turfa beds on Eio Marahii, just south of the Bay of 
Gamamu, and 115 kilometers south of the city of Bahia, have 
been known for many years, and the material has been much 
less talked about in Brazil Hartt says of this turfa f 


Fig 10 



Ideal Section from Maceio to Alluquerque along tie AlagOas Eailway (35 Mom ), Showing 
the Eocene Sediments Oveilying the Crystalline Eocks 


“The mateiial burned leadily when ignited in a candle, affoidmg an abund- 
ant smoky flame The material appears to be merely a mud impreg- 

nated with bitumen, and as it appears to existin large quantities, it would he very 
valuable for gas-making or the manufacture of kerosene ” 

Hartt quotes from Mr, Nicolay tothe effect that the Gamamu 
series does not appear to he in any way connected with that of 
Bahia or with those of the south, unless, as has been reported, 
turfa is found m the Eio de Oontas. This senes, it is said, may 
be designated as follows . 

“In a basin of gneissose rocks are bituminous schists, sands and marls con- 
taining fossils (fiesh-watei ?), and, it is presumable, above that, the turfa ” 

* liennque Praguei m the Eevista do Instituto Geograpbico da Bahia, vol 
iv, p. 429. 

f Geology and PhjsLcal Oeogiapliy of Brazil, by Cbas Ered Hartt, Boston, 
1870, pp 263-4 In quoting Hartt I have substituted turfa, the word used by 
the Brazilians, foi the turba erroneously used by him 
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Mr. ISTicolay gives the following section of a shaft put down 
in the tiirfa district .* 

Section of Shaft in Turf a District. 

Ft In 

20 0 Clayey and sandy shales 

3 0 Bituminous clay 

4 0 Ferruginous sandstone 

0 9 . Shale with lignite 

0 9 Bituminous stiatum 

1 6 Micaceous shale 

1 6 Shale with lignite and bitumen 

2 6 Shaly stiata 

2 0 Bituminous strata 

12 0 Shaly rocks 

16 0 Bituminous strata 

46 0 Gneissose rocks 

108 0 

Within a few years the oil-shale deposits of Marahu passed 
into the hands of a company controlling abundant means, and 
the most extravagant preparations were made to manufacture 
soap, paraffine, various kinds of oils, and I know not what 
A town was built about the extensive factories , vast quantities 
of expensive machinery and supplies of every kind were im- 
ported from England , and the establishment started operations 
on a scale out of all proportion to the possibilities of the mar- 
ket. As might have been expected, the whole business col- 
lapsed within a few months, and much of the machinery is 
now rusting in the mud of the mangrove swamps, and the 
empty houses are being devoured by white ants. I believe 
this is the only effort that has been made to utilize the oil-bear- 
ing shales of Brazil It is to be regretted that the business 
was not conducted m a more conservative manner, for after 
so colossal a failure other companies will hesitate to embark 
in any enterprise that attempts to utilize the oil-shales of Brazil 
It is worth noting, however, that the Brazilian government 
affords all the “ protection ” that any industry can reasonably 
ask in the way of high import-duties, and if it is found that 
these shales can be utilized, import-duties will be freely laid 
upon all the products that can be made from them. 

* In giving this section I have altered the wording somewhat to express the 
evident meaning of Mr. Nicolay ; he uses the words schist and schistose where shale 
and shaly are meant 
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Jtesume — The oil-shales of the Brazilian coast are of Tertiary 
ago, and the parti-colored beds exposed in the bluffs along 
that coast are for the most part the weathered portions of this 
same series. The Tertiary strata rest upon granites, gneisses 
and other crystalline rocks, with a bed of very coarse conglomer- 
ates forming the base of the series The only known exception 
to this IS in the Serra dTtabaiana, m the State of Sergipe, where 
there is a series of Cretaceous beds with older beds between the 
granites and the Cretaceous, that appear to be Paleozoic, though 
no fossils have been found in them. The failure of the Marahii 
Company was evidently due to extravagance and mismanage- 
ment, and cannot be regarded as a sufficient reason for con- 
demning the oil-shales of Brazil as unworkable 

The total thickness of the Tertiary beds does not much 
exceed the total thickness of the mottled and parti-colored beds 
exposed on the coast — that is, from 80 to 90 meters (100 to 800 
feet). This is shown by the fact that at many places the basal 
conglomerates are exposed, while at several points the crystal- 
line rocks themselves are uncovered 

IsTo oil-shales are now known in Pernambuco, Parahyba, Eio 
Grande do Norte, Sergipe or Espirito Santo, but they may be 
expected in any of those States within the Tertiary area 


Postscript. 

When this paper was sent to the Secretary the oil-bearing 
beds referred to were set down as Cretaceous , and they are so 
classified in the pamphlet edition. This was done because the 
sediments of the Bahia basin had been accepted as Cretaceous 
without question since the publication of Ilartt’s book''= in 
1870 An examination of the paleontologic evidence, how- 
ever, fails to reveal any satisfactory reason for this correlation. 
There are true Cretaceous bods in the State of Sergipe, just 
north of Bahia, but they are marine deposits, with a rich fossil 
fauna, and are not connected with the fresh-water beds of the 
Bahia basin The marine sediments at Pernambuco, Maria 
Parinha, Itamaraca, Parahyba, Piabas, and other intermediate 
points along the coast, which were supposed to be Cretaceous, 


Geology and Physical Geography of Brazil,” by G F. Haitt, Boston, 1870 
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turn out to be Eocene Tertiary. Upon tliis subject I bave asked 
tbe views of Ur Gilbert U Harris, of Cornell University, one 
of our best authorities on the Eocene, who writes 

“ I can assure you most emphatically that neither in that work [Di White’s 
report upon the Brazilian Mesozoic fossils], noi in oui specimens [at Coinell Uni- 
versity], nor in those I have seen in the United States National Museum from 
Maria Faiinha, can I find a trace of any fauna other than the Midway Eocene ” 

An examination in 1899 of the geology of the coast, from 
Hatal, State of Rio Grande do Horte, to the southern part of 
the State of Bahia, led me to the eonclusioii that the highly- 
colored beds of the coast (Pernambuco, Maria Earinha, Para- 
hyba, Alagoas, etc.) were approximately of the same age as the 
fresh-water beds of the Bahia basin. If this is correct, then 
the Bahia basin is Eocene Tertiary, instead of Cretaceous In 
calling them Tertiary, however, we are but going back to tbeir 
earlier classification byUarwin*' in 1841, by Pissis in 1842,t 
and to the age suggested by the jEntomostvaea described from 
Bahia by Professor T. Rupert Jones, in 1859.1 

Tbe requisite corrections have been accordingly made in the 
text of the pamphlet edition of this paper, before the present 
republication of it 


Experiments Regarding the Influence of Silica on the Loss 
of Sliver in Scorification.§ 

BY LISTER STRAUSS, NEW YORK CITY 
(Canadian Meeting, August, 1900 ) 

The fact that the loss of silver in the slag of the smelting- 
process increases with the amount of silica in the furnace- 
charge, was probably the ground of a general opinion that the 
silver is present in the slag as a silicate Ur. lies, in his inter- 

* “G-eological Observations,” by Charles Darwin, 2ded , p 193, London, 1876. 
t M^m sur la position geologique des teniams de hpatUe australe du Br6sil, etc , 
par M A Pissis (Prdsent^ a PAcademie des Sciences, le 27 Juin, 1842 ) 
t Qiiw) Jow Qeol Soe , December 14, 1859, xvi , 266-268 
I This paper constitutes in substance No. 34 of the “ Contributions from the 
Havemeyer Laboiatories,” Columbia University 
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estiiig exporimGuts uiion the slags of scorification,'-^ found in 
no instance any silicate of silver These experiments, how- 
ever, were made with pure crystals of AglSTO, — a circumstance 
which may have affected their results , since it is conceivable 
that an intimate mixture of metallic silver with silica might 
more strongly favor the formation of a silicate. Fusing at a 
low heat for three hours, and then allowing to cool, 6.8 
grammes of AglSTO, with 1 2 grammes of pure anhydrous SiOa 
(these proportions corresponding to the equation, 2 AgE' 03 -f 
Si0j^=Ag^Si0^-l-]Sr^02+0,,), Dr Hes obtained a bright brick-red 
slag, the color oT which was due to Ag^^ 

The only other experiments of interest bearing upon this 
subject are the crucible-assays reported by Mr. Furman, t of 
which ISTos. A1 and A2 have special interest. In these in- 
stances, he assayed 108.15 and 102.76 mg of silver with | A 
T. of S 1 O 2 , and found the losses to be 2.47 and 1 93 per cent, 
respectively Those are small losses. With low-grade ores, 
Mr Dewey* | found the loss higher, as was also the result in 
the experiments described below. Mr Furman assayed also 
116 mg of silver with 7 5 grammes of SiO^ and 7 grammes of 
FeS, and found the loss of silver to be 4 66 per cent This is 
smaller than the losses (6 2 and 5.3 per cent ) shown by Experi- 
ment FTo. 4, described below, 111 which SiO, and FeS^ were ingre- 
dients It would seem that, in an assay of silver with silica, the 
presence of a s ulphj.de of iron tends to keep the loss of silver 
nearly constant. 

In order to test the influence of silica in the scorification- 
assay, the following experiments were made * 

In these experiments pure ores (pyrite, zincblende, galena or 
stibnite), sulphur, silica and test-lead — all free from silver — 
were mixed with filings of silver, 0 992 fine and free from 
iron, Ho borax-glass was added, since itwms desired to avoid, 
as far as possible, the introduction of factors which might affect 
the result. In all cases (with two exceptions) the temperature 
of scorification was between 900° and 1000° C The cupella- 
tions wore made with “ feathers ” 


* Eng and Min Jour., Apiil 19, 1884, vol xxxvii , p. 297 
j- Ti ans , XXIV ,741 Mr Furman reports the amount of silver , etc , in “ parts ’ ’ 
— each part representing in his experinaents 0 5 milligramme 
I Jour Am. Ohem Soc, yol xvi , p 513 
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The influence of silica being the special object of inq^uirj, 
other conditions, such as temperature, amount of silver and 
amount of test-lead, were kept as nearly constant as possible, 
to facilitate the comparison of results. 

The table on page 557 shows the quantities of each ingre- 
dient of the charge, and the results obtained, other conditions 
of the experiment being stated in the following . 

Remarks 

All the assays were made m duplicate In the column under 
“ Silver,’^ the amounts of silver actually weighed out are given, 
the following columns, for comparison only, give the average 
results. 

Mxpenment No. 1. — In this case, the “low heat’’ was just 
sufficient to melt the lead ; and the smaller percentage of silver 
recovered was due to the loug period of scorification, which 
permitted a larger quantity of silver to enter the slag. The 
“ high heat” was a white heat; and the loss here was probably 
due to volatilization. 

Experiment No 2 — As was to be expected, these assays show 
increasing loss of silver with increase of silica 

Experiment No. 3. — Here the addition of 6 grammes of SiOjj 
increased the loss of silver. 

Experiment No. 4. — ^In this case, the addition of SiO^^ in- 
creased the loss of silver , but variation of the ratio of SiOa to 
FeS^ seems to have had no material effect in this respect. 

Experiment No. 5. — The assays show that the addition of 
silica increases the loss of silver, and that this loss is dimin- 
ished by a decrease in silica and an increase in zincblende. 
Th.e well-known effect of zincblende, per se, in augmenting 
the loss of silver, was shown by additional assays (not reported 
ill the table), in which still larger quantities (6, 8 and 10 
grammes) of zincblende were present, with no silica These 
assays yielded black, pasty slag, and very brittle (and in the 
last instance, with 10 grammes of zincblende, very small) but- 
tons, which could not be cupelled 

Experiment No. 6. — ^In these assays, the amount of test-lead 
added was so proportioned to the lead in the galena as to make 
50 grammes the total lead in the charge. With 4 and 10 
grammes of galena the results were peculiar, the loss of silver 
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Table of Sconjieation-Assays. 







Average 


Experiment 

No 

Ore 

Grammes 

Test-Lead 

Grammes 

Silica 

Grammes 

Silver 

Milli- 

grammes 

Silver Re- 
covered 
Milh- 

Average 
Recovery 
Pei cent 






grammes 


1 



50 

(Low heat) 



50 05 
L49 97 

48 99 

98 75 

(Lead ) 



50 

(High heat) 



50 06 
L50 02 

49 27 

99 25 




50 

2 


50 46 
l60 10 

48 89 

98 00 




50 

4 


50 10 
L50 34 

48 58 

97 50 

2 

(Sihca ) 



60 

6 


60 14 
60 24 

48 23 

96 85 




50 

8 


49 99 

50 08 

46 26 

93 26 




50 

10 

1 

50 10 
,60 11 

44 84 

90 26 

3 


1 6 

50 

6 


50 30 
,60 10 

46 18 

93 15 

(Stibnite ) 


1 5 

50 



50 00 
,50 20 

48 23 

97 00 



15 

50 



50 40 
l60 40 

48 80 

97 00 

4 

(Pynte ) 


15 

50 

6 


50 00 
[50 00 

46 96 

94 70 



3 

50 

2 


r50 00 

L60 20 

47 20 

94 80 



2 

50 



rso 10 

l49 94 

47 75 

96 20 

6 


4 

60 



60 08 
[50 42 

47 65 

95 60 

(Blende ) 


1 5 

50 

6 


r60 30 
50 06 

44 45 

89 30 



3 

50 

2 

i 

r 50 80 i 
L 60 60 

48 00 

95 50 



2 

48 25 


J 

1 

f 49 98 
[60 04 

48 76 

98 30 



4 

46 50 



r 60 22 
[50 81 

49 71 

99 65 



6 

44 75 


i 

r50 09 
L50 37 

48 40 

97 20 

6 

(Galena ) 


8 

43 00 


i 

rso 03 

(50 40 

48 24 

96 75 


10 

41 25 



r60 20 
[50 03 

49 12 

98 80 



15 

48 65 

6 

i 

(50.30 

[50.30 

47 65 

95 40 



3 

47 35 

2 

1 

r 50 20 
[50 90 

49 80 

99.30 


1 

[ 0.5 

50 

6 


(60 40 
[60 40 

46 40 

92 10 

7 



50 

6 


( 60 50 
[ 60 30 

47 36 

94 70 

(Sulpbur ) 


05 

50 

2 


(50 10 
[49.90 

49.35 

99 46 



1 

50 

2 

i_ 

(50 60 
[60 90 

49.18 

97 25 
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being smaller than with. 2 grammes of galena, while the assays 
with 6 and 8 grammes of galena showed proportionately larger 
losses of silver. The addition of 6 grammes of silica, 1.5 
grammes of galena being present, wms followed by increased 
loss of silver, but the combination of 3 grammes of galena 
with 2 of silica resulted in the recovery of the largest percent- 
age of silver (with one exception) in the whole galena-senes. 

JExpenment No 7. — In these assays, the increase of sulphur 
in the charge from 0.5 to 1 gramme seems to have reduced the 
loss of silver (as the increase of sulphides seemed to do in pre- 
ceding experiments). But the reduction of silica from 6 
grammes to 2 increased, as m other cases, the proportion of 
silver recovered 

Conclusions, 

The preceding experiments indicate that the behavior of the 
metallic sulphides in seorification with silica and silver is not 
uniform, but varies with the nature of the ore. Evidently 
more extended investigation would be necessary to determine 
the cause and law of this variation. 

These experiments, however, appear to warrant the follow’- 
ing conclusions 

1 That in assays of pure silver with lead, an increase in the 
amount of silica present increases the loss of silver in the slag. 
This fact was already well known 

2 That m the presence of sulphides, an excess of silica in- 
creases the silver loss, hut that this loss is apparently dimin- 
ished when sulphides are present with a relatively smaller 
amount of silica 

3 The experiments, though by no means conclusive, suggest 
that the same recovery of silver cannot he expected from dif- 
ferent mixtures or ores of the same silver-value. 

Dr. Koenig,* after observing that the student, operating with 
various type-mixtures (each containing exactly 300 orz. of silver 
per ton), “ finds that the loss of silver is not at all the same, but 
that this loss can vary from 3 to 16 per cent with the best work 
possible,” adds that an assay “ made with clean sand, the 30 
mg. of silver, wrapped in lead foil, being placed on the top of 
the charge, sand and test-lead, . . gives the minimum loss.” 


“ Scorification and Cupellation Without Muffle,” etc , Trans , xxviii , 284 
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Tlic experiments above reported, and the results obtained by 
Messrs Furman and Dewey, seem to require a modification of 
this statement, since they indicate that the silver-loss would be 
dependent upon the amount of silica present, as well as upon 
the other ingredients of the charge. 

My thanks are due to Dr E H Miller for friendly advice 
and assistance in the experiments above described. 


Coal-Outcrops. 

BY CHARLES CATLETT, STAUNTON, VA 
(Canadian Meeting, August, 1900 ) 

Probably no one has had occasion to examine an undevel- 
oped coal property without hearing some hopeful or interested 
party insist that the bed will improve when opened some dis- 
tance under cover. When the bed is already in good con- 
dition, the opinion is usually advanced that the same character 
may be expected, at least to the bounds of the hopeful indi- 
vidual’s holdings. My attention has been called in this way to 
the extent to which a bed is affected by its outcrop at the sur- 
face; and having had opportunity to examine a number of 
openings immediately at the surface, and also a short distance 
under cover, I submit some observations bearing on this ques- 
tion. 

Whatever may have been the original variations, we may 
assume that coal-basins presented in comparatively modern 
times approximately parallel beds inter stratified with fire-clay, 
slate, sandstone, etc., as represented by Fig. 1. 

Dnder the effect of erosion. Fig 2 would be formed. 

It is obvious that along the line A, B, C, in Fig. 1, the beds 
exist under conditions differing from those at A', B', C', or 
again at A", B", 0", in Fig 2, in their exposures to atmos- 
pheric agencies, pressure and erosion. The effect of the first is 
to decompose and soften many of the strata , of the second, 
when presented unequally, to cause the movement of such ma- 
terial as was at all plastic towards the point of least pressure ; 
and of the third, to remove the strata in whole or in part. It 
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is obvious that the pressure is not as great at or near the out- 
crop as it 18 some distance under cover, and the tendency, 
therefore, would be to increase the thickness at the former 
point, and to give a result which might be represented by Fig. 
8 , in which each stratum iS elevated by the sum of the thick- 


Fig 1 



Ideal Section of Coal-Bed, X-X, with Fire-Clay, Slate, Sandfetone, etc , Above 
and Below. 



Second Eesult of Erosion, through Unequal Exposuie and Pressure, Bonding and 
Thickening the Outcrops 

ening of all the strata beneath it. This result is exaggerated 
in the figure. It is usually not conspicuous, since the material 
t^p.s forced to the surface is peculiarly subject to erosion and 
removal, so that the effect on the level of the various strata is 
small, and IS often offset by local conditions. Yet it exists ; and 
in places where the beds of coal are underlain by thick beds of 
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plastic fire-clay, they commonly show a dip from the outcrop, 
owing to the thickening of the fire-clay bed at that point In 
illustration of the changes which may he expected to occur 
from the outcrop, or the first point where the full section of the 
coal is disclosed under an apparently undisturbed roof, to a 
point some distance from the outcrop, the following typical sec- 
tions are furnished They represent a wide territory, and 
come from Virginia, West Virginia, Kentucky and Alabama 


I 

Outcrop 

Inches 

31 coal, 

1 6 sandstone, 

14 coal, 

3 coal and fare-clay, 

9 coal. 


50 ft from Outcrop 
Inches 
f 24 coal 
33 -i 2 hard coal 
[ 7 coal 

1 5 sandstone 
14 5 coal 

2 coal and file- clay 
10 coal 


54. coal, 

4 5 pai tings. 


Outcrop 
Inches 
18 6 coal, 
paitmg, 

9 coal, 

1 sandstone (bituminous), 

14 5 coal, 

1 slaty niateiial, 

15 coal. 


57 5 coal 
3 5 partings 

61 61 

50 ft from Outcrop 
Inches 

. 21 coal 

parting 
10 coal 

1 25 bitumin sandstone 
16 coal 
1 slaty coal 

12 coal 


67 coal, 

2 pai tings, 


58 coal 
2 25 partings 


59 59 

Outcrop 

Inches 

3 draw slate, 

19 5 coal, 

0 5 bituminous slate, 
10 coal, 

1 sandstone, 

18 coal, 

1 fii e-clay, 

21 coal. 


III 


60 25 60 25 

30 ft fiom Outcrop 
Inches 

3 diaw slate 
19 5 coal 

0 5 inferior coal 
14 coal 

1 5 sandstone 
19 coal 

1 fire-clay 
16 5 coal 


68 5 coal, 

5 5 partings, 


69 coal 
6 partings 


74 74 


75 75 
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IV 


15 ft irom Surface 


50 ft from Sm face 

Inches 


Inches 

6 6 coal, 


5 coal 

0 25 paiting. 


1 bitmnin slate 

11 25 coal, 


f 2 coal 

13 75 .j 175 bald coal 

10 coal 

1 .sandstone 

1 sandstone. 


10 coal. 


14 coal 

1 slate. 


0 6 slate. 

4 5 coal, 


5 coal 

2 25 fii e-clay, 


4 hi e-clay 

3 5 coal. 


3 6 coal 

6 fix e-clay, 


. 6 bi e-clay 

6 coal. 


6 coal 




41 75 coal, 


47.25 coal 

10 5 partings, 


12 6 pai tings 

52 25 52 25 


59 76 59 75 

iace— no roof exposed 

V 

50 feet Inside 

Inches 


Inches 

16 coal, 


20 coal 

9 slate. 


8.5 slate. 

17 coal. 


1 8 coal 




— 

33 coal, 


38 coal. 

9 slate, 


8 5 slate 

42 42 


46 6 46 5 


The average of 13 sections in the mine working this seam 
shows 36 5 niches coal and 16 3 inches slate 


Outcrop 
Inches 
14.5 coal, 
r 0 5 slate, 
5 5 coal, 

I 0 5 slate, 
[65 coal, 
0 5 slate, 
17. coal. 


VI. 


15ft fiom Outeiop 
Inches 
14 5 coal 

2 slaty and bony coal. 


11 


9 coal with bony streaks 
1.6 slate 
15 5 coal 


42 5 coal, 
1 5 slate, 


41 coal 
1 6 slate. 


44 44 


42 5 42.6 
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Outoi op 
Inches 
6 6 coal, 

0 5 slate, 

11 coal, 

<3 fire-clay, 

2 coal, 

10 coal and slate, 
14 coal. 


vn. 

30 ft from Outcrop 
Indies 

. . 11 coal 

. . . 0 5 slate 

. . . 6 coal 

. . 3 hard fii e-clay 

. . . 1 coal 

. . . 7 coal and slate 

. . . 12 5 coal 


33 5 coal, 

13 5 partings, 


30 5 coal 
10 5 partings 


47 47 

Outcrop 
Inches 
24 coal, 

1 5 slate, 

1 6 coal, 

3 slaty coal, 
27 coal. 


vin. 


41 41 

66 ft from Outcrop 
Inches 
21 5 coal 
1 5 slate 
0 75 Qoal 
0 75 slaty coal 
29 coal 


52 5 coal, 

4 5 pai tings, 


51 25 coal 
2 25 partings. 


57 67 

Outcrop 

Inches 

23 coal, 

.. parting, 

24 coal, 

1 slaty coal, 
6 coal. 


IX. 


53 5 53 6 

100 ft from Outcrop 
Inches 

. 27 coal 

0 76 parting 

. 17. coal 

1 parting. 
4 coal 


52 coal, 

1 parting, . 


48 coal 
1 75 partings.. 


53. 63 

Outcrop 
Inches 
13 coal, 

1 5 slate and sandstone, 


X. 


f 2 coal, 

6.6-{ 1 slate, 

[ 2 5 coal, 

14. slate and coal, 

4 sandy slate, 

24 coal, 

41 5 coal, . 

20.5 partings, . 


voii. XXX. — 36 


49 75 49 75 

250 ft from Outcrop 
Inches 
13 coal 

1 5 slate and sand- 
stone 

. f 5. coal with small 

6 5-] hard streak 

L 0 5 slate 
. 9 coal 

3 slate and coal. 

24 coal 

61 coal 
5 partings. 

56 66 
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XT. 



Outcrop 


50 ft from Outcrop 


Inches 


Inches 


13 coal, 


. 11 coal 


1 slate. 


3 cannel coal 


3 coal. 




1 5 slate, 



6^ 

0 5 coal. 


. 6 slate 


4 5 slate. 




2 5 coal. 


6 coal. 


4 5 coal and slate, 




8 sandy slate. 


11 5 sandy slate 


31 coal, 


27 coal 


6 cannel coal. 


8 cannel coal 


12 coal. 


. 14 5 coal 


68 coal, 


69 5 coal. 


19 5 partings, 


17.5 partuigs 


87 5 87 5 


87 87 



xn. 


Outcrop 


16 ft from Outcrop 

Inches 


Inches 

14 5 coal, 


14 5 coal 


4 slate. 


. 4 slate 

30 coal, 


29 coal 


6. slate. 


8 5 slate 

13 coal. 


16 6 coal. 


0 75 coal and slate, 


1 slate 

r 

4 coal, 



1 

0 5 slate. 


. 21 coal 

1 14 cannel coal. 



[ 10 coal. 




85 5 coal, 


81 coal. 


11 25 partings, 


13 5 partings. 

96.75 96 76 


94 5 94 5 



xru. 



Outcrop 

60 ft from Outcrop 

75 ft from Outcrop 

43 6 clean coal 

44 clean coal. 

44 5 clean coal 



XIV. 



Outcrop. 

50 ft from Outcrop 

76 ft from Outcrop. 

44 clean coal. 

43 clean coal 

42. clean coal 


The average of the mine working this seam is between 44 inches and 46 inches 
clean coal. 
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In summary, the thickness of coal shows under cover an 
average increase of 6 per cent in 6 sections (omitting section 
X, in which the item of “ slate and coal ” at the outcrop vitiates 
the comparison), and a decrease of nearly 5 per cent, in 7 ; 
while the thickness of partings shows an average decrease of 
SO per cent, in 6 sections (omitting XTTT and XIV, which do 
not specify partings) and in 5 sections an increase of 27 per cent. 

An examination of these sections will disclose a marked 
similarity between the seam at the surface and when opened a 
reasonable distance under a solid top , and this was .borne out 
by numerous other examples which it is not necessary to give 
Beds will vary from point to point, and will present often, 
without apparent reason, marked irregularities , but observa- 
tion of these sections has convinced me that the changes due 
to the nearness of the surface alone can be recognized and al- 
lowed for, and that it is possible to form from the outcrop a 
very nearly accurate idea of what may be expected 50 or 60 
or 76 feet under the top.* 

I briefly summarize the changes which may be expected. A 
very soft, sooty material, called by the miners “ mother-coal,” 
may pass, in that distance, into a coherent but friable material. 
It is usually exceedingly pure. Hard streaks in the coal are 
emphasized at the surface ; and a material which is coal, but is 
obviously high in ash, may be found, owing to the increase of 
volatile and oily material, to become often of fair quality, on 
driving a short distance under cover, and be classed in a sec- 
tion at that point as pure coal. A slaty material which is very 
black and friable will, as a rule, pass into inferior coal, in the 
distance named , and, when in small quantities, would probably, 
in a section 60 feet from the outcrop, be described as bony 
coal. Hard, undecomposed gray slate, on a well-defined bed, 
may be expected to continue as such without, necessarily, an in- 
crease or decrease within the distance named. A plastic slate 
or a fire-clay, existing as a portion of the coal-bed, may usually 
be expected to thin very considerably within a short distance, 
as its section at the surface is, in nearly all cases, increased by 
the reduction of pressure at that point. 

I would be glad to hear from other members of the Institute 
on this point, as a confirmation of these observations would 
make it very much easier and less expensive to prospect a coal- 
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property, and would often permit what, in my judgment, is far 
more desirable than to drive upon the scam under cover, namely, 
the making of a larger number of openings over a greater ex- 
tent of outcrop. 


Notes on the Compressed-Air Haulage-Plant at No. 6 
Colliery of the Susquehanna Coal Company, 

Glen Lyon, Pennsylvania. 

BY J. H BOWDEN, WILKES-BARRE, PA 
(Canadian Meeting, August, 1900 ) 


The shaft-plant here described was put in operation in Sep- 
tember, 1895, and the No, 6 slope-motor was started in May, 
1896 

The plant comprises . 

One Norwalk three-stage compressor 12f , 9^ and 5 in diam- 
eters of air- and 20 in. diameter of steam-cylinder, all 24 in. 
stroke; capacity at 100 revolutions, 296 cu. ft. of free air per 
minute, compressed to 600 Ihs. per sq. in A main pipe, 5 in. 
diameter, 4880 ft. long, with five chargmg-stations m No. 6 
Shaft, and a branch of 3 in. pipe, 3100 ft. long, with three charg- 
ing stations, in No. 6 Slojie. These pipes on each line charge 
a Porter compressed-air motor, with 7 by 14 in. cylinders, and 
four 24 in. drivers, weighing about eight tons, with a tank-ca- 
pacity of 130 cu. ft. of air at 550 lbs. pressure in the main tank, 
reduced to 160 lbs. in the 8-in. auxiliary tank of 4.2 cu, ft. ca- 
pacity, supplying the cylinders. The No. 6 shaft run averages 
4000 ft. each way on grades of f to 2| per cent., and averag- 
ing close to one per cent, in favor of the loaded cars. The No. 
6 slope run averages 2100 ft. with nearly the same grades. The 
mine-cars weigh 2800 lbs. empty, and about 9800 Ihs. loaded, 
and are hauled in trips of 12 to 20, averaging about 16 cars. 
The shaft-motor now hauls about 355, and the slope-motor 320 
cars per day of 10 hours, replacing in the shaft 17 mules, and 
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in tlio slope 16 mules, or, in all, 32 mules, against 27 replaced 
in 1896. 

The average daily car- and ton-mileage of each motor was as 
follows 



Gars Hauled. 



1896 

1897 

1898 


355 

347.4 

356 


Tons Hauled One Mile. 


No. 6 Shaft-motor, - 





1896 

1897 

1898 

Empty, in, 

. 336 

330 

338 

1 Loaded, out, 1180 

1155 

1183 

Total, 

1616 

1485 

1521 

. Net load. 

844 

825 

845 


Gars Hauled. 



1896 

1897 

1898 


288 

288 7 

319 2 


Tons Hauled One Mile. 


No 6 Slope-motor, - 

1896 

1897 

1898 

Empty, in. 

143 

144 

160 

1 Loaded, out, 501 

504 

660 

Total, 

644 

648 

720 

. Net load. 

. 358 

360 

400 

Total for both motois, gross (including i895 

1897 

1898 

empty cars returned), 

. 2160 

2133 

2241 

Net load, 

, . 1202 

1185 

1245 


The use of steam and air in operating the compressor and 
motor was found hy test to he 

Steam. 

Indicated Rorse-power at 131 revolutions of compressor, 150 H P 
Steam-consumption per H P per hour, from cards, . . 84 lbs 

“ per hour, . . . . 5,100 “ 

'' “ includingcondensationinline, 5,200 “ 

Boiler horse-power required, . . . 174 B H P 

Evaporation per lb of coal (cylindei-boilers), 5 lbs 

Coal required per houi, . . 1,040 “ 

“ per day, 10 hours, . . - . 10,400 “ 4 65 tons 

Cost of fuel and firing per day (10 hours) 4 65 tons, at 50c $2 32 
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Air 

Compressor Capacity —The free air compressed per revolution 
of compressor is 2 96 cu ft. according to the calculation of the 
ISTorwalk Iron ^Vorks Co., no allowance being made for leak- 
age. 

The compressor works 12 hours jier day , 
hours 

Free air per rainute at lated speed of 100 revolutions, 

“ “ “ actual “ 131 “ 

“ per day 12 houis at lated speed of 100 revs , 

“ “ 12 “ actual “ 131 “ 

Capacity of Air-Mains Used as Beservoirs — The capacity ot 
the 5-in line, 4S80 ft. long, is 608 cu ft ; and that of the 3-in. 
line, 3100 ft. long, is 169 cu ft., making the total for both hues 
767 cu. ft. 

At 600 Ihs. pressure these lines hold 32,505 cu. ft. of free air. 
The capacity of the main and auxiliary tanks is 134.6 cu. ft. 
At 508 Ihs pressure (at which they will eq^ualize with the niaiiiy 
starting to charge at 600 lbs.), this is equivalent to 4845 cu ft. 
of free air 

Leakage of Air-Mains — In standing 12 hours the pressure 
falls from 650 to 350 Ihs., and of free air, 11,688 cu. ft, or 974 
cu. ft. per hour, are lost. The proportion of this leakage to- 
the total air compressed is 4.18 per cent. 

Air Used by Motors. — According to a test made March 29,, 
1900, the amount of air used for the given amount of work was 
as follows : 


the motors 10 


Cu ft 
296 
3S7.8 
213,120 
279,216 



SiiArr-MoTOit 

SLori: Moroit 


No 2 Plane 

No 3 Plane 

Number of trips empty . 

“ “ loaded 

Average No of cars per trip, empty, 
“ “ “ loaded, 

Average cu ft of free air per trip, 
empty 

Average cu. ft of free aii per tnp, 
loaded . . . . 

Average cu ft of free air per round 
trip . . .. . 

3 

3 

16 33 
13 

1724 

1631 

3356 

10 

10 

12 7 

13 

6686 

1898 

7584 

16 

15 

11.4 

11 3 

1230 

699 

1829 
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Summary of Dafs 'Work in 1898.— At shaft ISTo. 6, 356 cars 
were hauled per day ; namely, from Fo. 2 plane, 6 trips of 15 cars 
each, using 20,130 cn. ft of free air, and from ISTo. 3 idane, 20 
trips, averaging 13 3 ears each, using 151,680 cu.ft. of free air. 
The work at Slope E^o 6 was 320 cars per day in 28 trips, av- 
eraging 11.4 ears each, and using 51,212 cu. ft of free air, 
making a total for 676 cars of 223,022 cu. ft. of free air. The 
amount of free air apparently compressed for this work was 
279,216 cu. ft., of which 83.4 per cent is accounted for, leaving 
16.6 per cent, for leakage and slip in the compressor, leakage 
in air-hnes, and changes in temperature. 

Air Used per Ton-Mile . — The average volume of free air used 
per ton-milc is as follows 




Cu ft 

No 6 shaft-moloi, 

on gross tonnage, 

. 113 

ti II 

“net “ . . 

203 

No 6 slope-motor, 

“ gross “ 

. 71 


“ net “ 

128 

Both motors, 

“ gross “ 

. 100 


“ net “ 

180 


The greater quantity of air used by the shaft.- as compared 
with the slope-motor is due to the heavier curves and the 
switching required, especially at Ifo. 2 plane, where a portion 
of the trip IS frequently left 

Cost of Plant — The cost of plant, not including steam-boilers, 
was as follows • 


Compressor, 

®2,880 00 

Extras for compressor-repairs. 

75 75 

Shaft-motor, 

2,743 63 

Slope-motor, 

2,918 20 

Extras for motor-repairs, 

207 93 

Air-connections, 6-in. line (6000 ft ), 

2,914 32 

“ “ 3-in “ (4000 ft), 

1,240 46 

Steam-connections to compressor. 

Material foi compressor-foundations and house, and air- 

278 27 

washing box. 

Labor on compressor-house and foundations, and 5-in 

296 27 

line, and installing shaft-motor. 

1,183 01 

Labor on 3-in line and installiog slope-motor, 

46 95 

Foster equalizing-valves. 

372 21 

Total cost of plant. 

115,166 00 
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Cost of Operation. — The operating expenses are shown in 
the following table : 



1897 (179 days worked) 

1898 (160 days worked) 


Per day 

Per year 

Per day 

Per yeai 

2 Motor-GEgineers, at |2 10 

2 Brakemea, at $1 60. . 

1 Engineei for compressor, at $2 32 
Oil for compressor 

Oil for motois 

Eepairs for compiessors (material) 

“ “ (labor) 

Eepairs for motors (material) . 

“ “ (labor) 

Steam for compressor (160 H P ), 
fuel and firing 

$4 20 
.3 'sQ 

1 16 
67 
.25 
10 
.06 
16 
18 

2 32 

$751 80 
572.80 
207 64 
1)9 49 
45 08 
18 76 
10 38 
28 78 1 
32.77 

415 28 

$4 20 
3.20 

1 16 

47 
.25 

48 
09 
51 
23 

2 32 

$672 00 
512 00 
186 60 
76 94 
40.94 
76.08 
16 22 
81 08 
36 87 

371 20 

Total operating-expenses 

$12.30 

$2202 78 

$12 91 

$2066 93 


Fixed Charges. — The fixed charges are as follows 



1897 (179 days worked) 

1898 (160 days woiked) 

Per day 

Per year 

Per day 

Per yeai 

Interest, repairs and depreciation of 
i74-H P boilers 

Interest and depreciation of plant, 10 
per cent on $16,156 

Total fixed charges 

$1.46 

8 47 

$261 00 

1615 60 

$1.63 

9.47 

$261 00 

1615.60 

$9 93 



$1776 60 

$11 30 

$1776 60 


Total Cost Including Fixed Charges. — The total actual cost in 
the two periods mentioned was, therefore, for the two motors 
(one-half to each), in 1897, per day, |22.23, and for the whole 
period, $3979 88; and in 1898, per day, $24.01, and for the 
whole period, $3848.83. Taking the figures of 1897 as a basis, 
and assuming 300 days of work in a year (with consequent 
saving in certain items of jfixed chargee, superintendence, etc.), 
it is estimated that the total cost would be $18.22 per day, or 
$6466.00 per year. A similar calculation, based upon the fig- 
ures of 1898, gives $18.83 per day, or $5649.00 per year. 

Cost Per Ton-Mile. — ^For the same two periods, the cost per 
ton-mile was as follows 
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1897 (179 days) 

1898 (160 days) 

Daily 

Ton- 

Milage 

Daily 

Cost 

Cost 

per 

Ton- 

Mile 

Daily 

Ton- 

Milage 

Daily 

Cost 

Per 

Ton- 

Mile 




Cents 



Cents 

No 6 shaft-motor, gross 

1485 

$11 12 

0 75 

1521 

$12 00 

0 79 

“ “ net 

825 


1 35 

845 

1 42 

No G slopc-motoi, gross 

648 

“ 

1 72 

720 


1 67 

“ ' ‘ net 

360 


3 09 

400 


3 00 

Both motors, gross 

2133 

22 23 

1 05 

2241 , 

24 01 

1 07 

“ net 

1185 


1 89 

1245 

L 

1 93 


Cost of Mules Displaced by this Plant . — There were at l^o 6 


shaft 17, and at hTo. 6 slope 15 mules, costing, on an average, 
fl26.64 each, or $4052 for the two lots 

Operating-Expense by Mules . — The expense of operating with 
mules would he as follows 



1897 (179 days) 

1898 (160 days) 


Per day 

Per yeai 

Per day 

Per year 

No 6 shaft 

Depreciation and interest on 17 
mules, 25 pei cent 

Feeding, attendance, harness 
and lepaiis, $141.40 per mule 
6 drivei.s 

6 coupleis and .spragmen 

$3 01 

13 43 

9 40 

8 10 

$538 22 

2,403 80 
1,682.60 
1,449 90 

$3 36 

15 02 

9 40 

8 10 

$538 22 

2,403 80 
1,604 00 
1,296 00 

Total cost by mules 

Cost by motor 

$33.94 
11 12 

$6,074 52 
1,989.69 

$35 88 
12 00 

$5,742 02 
1,921 77 

Saving by compressed air 

$22 82 

$4,084 83 

$23 88 

$3,820 25 

No 6 slope 

Depreciation and inteiest on 15 
mules, 25 per cent 

Feeding, attendance, harness 
and repairs, $141 40 per mule 
5 drivers . . 

5 couplers and spiagmen 

$2 65 

11 85 

8 00 
6.85 

$474 90 

2,121 06 
1,432 00 
1,226 15 

$2 97 

13 26 

8 00 

6 85 

$474 90 

2,121 06 
1,280 00 
1,096 00 

Total cost by mules 

Cost by motor 

$29 36 
11 12 

$5,254 11 
1,989 69 

$31 08 
12 00 

$4,971 96 
1,921.77 

Saving by compressed ail 

$18 23 

$3,264 42 

$19 08 

$3,050 19 

Both No 6 shaft and No 6 slope 
Total cost by mules 

Total cost by motors 

$63.29 
22 23 

$11,328 63 
3,979 38 

$66 96 
24 01 

$10,713 98 
3,843 53 

Saving by compressed an 

$4106 

$7,348 26 

$42 95 

$6,870 45 

Total saving in two yeais, 
Total cost of plant, 



$14,218 70 

15,166 00 
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At the average rate of saviBg for 1897 anti 1898, the entiic 
cost of the plant would be saved m 361 working-days 

The capacity of the shafhmotor is equal to fully double its 
present work, and the slope-motor is working at hut about one- 
third of its capacity, while the compressor is doing all that it 
can, and a second one was ordered April 7, 1900. To operate 
the plant to the full capacity of both compressors, which, undei 


Cost Fer Ton-Mile by Mules. 



3897 Tonnage 

1898 Tonnage 


Ton- 

Mile- 

age 

Cost 

Cost pel 
Ton- 
Mile 

Ton 

Mile- 

age 

Cost. 

Costpoi 

Ton- 

Mile 

No. 6 shaft 



Cents. 


185.88 

Cents 

GrlOSS 

1486 

$33^94 

2 29 

1527 

2. 3.5 

Net . 

825 

411 

845 


4 25 

No 6 slope . 

Gross 

648 

29 35 

4 53 

720 

31 08 

4 32 

Net . 

360 

a 

8 15 

400 

‘ ‘ 

7 77 

Total, gross 

2133 

63 29 

2 98 

3241 

(56^S)G 

2 98 

net 

1185 


6 34 

3245 

1 

5 88 


the present conditions, would be about 4500 ton-milos gross or 
2500 net per day for 300 days per year, would bring the cost of 
operation, including fixed charges, to about .f24.60 per day, or 
of a cent per ton-mile gross and of a cent per ion- 
mile net load. If all the work could bo done by one motor 
under the conditions of Ho. 6 shaft, up to the capacity of the 
compressor, for 300 days per year, using only one crew, the 
cost of plant would approximate $11,000, and the operating 
expenses, including fixed charges, would he |10.8G per day lor 
2400 gross ton-miles, or iw of a cent per gross ton-mile and 
of a cent per net ton-mile 

A further reduction of cost would result from rc-heatiiig fclu^ 
air at the motor, by passing it through water at the temperature 
of steam at 90 pounds pressure, by which method tests have 
shown a gam of about 50 per cent, in air-economy. It is 
probable that by this means one motor could be run to its full 
capacity (about 3000 gross ton-miles per day) with one com- 
pressor, at a total cost of $10.80 per day, or of a cent per 
gross ton-mile, for 300 days’ work per year, the saving of ^ 
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of a ccut per gross ton-mile, or about 20 per cent over tbe last- 
mentioned conditions being due only to tbe greater air-economy ; 
the fixed cliarges and labor-cost remaining practically tbe same. 

For a detailed description of tbis plant, witb illustrations, 
those ivbo arc specially interested are referred to tbe Colliery 
Mgincer and Metal Miner, Scranton, Pa., for May, 1896, and to 
tbe Peport lor 1895 of tbe Pennsylvania Bureau of Mines, pp 
104 to 110. 


The Protection of Blast-Furnace Linings. 

BY S S HARTRANFT, BUFFALO, N T 
(Canadian Meeting, August, 1900 ) 

Furnace-men of tbe present day agree very nearly as to 
the best cooling-devices for the protection of blast-furnace 
hearths and boshes, and tbe best location of tbe cooling-system 
in the brick-work for tbe maintenance of favorable furnace- 
lines tbrougbout the blast The replaceable bronze and copper 
plates are practically faultless ; and there seems to be no reason 
whj' a fur nace-b earth and bosh should not be held in good 
condition, by intelligent management and the use of replace- 
able plates, ibr a period several times the length of the average 
blast of to-day. 

While furnace-men have taken these precautions to protect 
the hearth and bosh beyond tbe life of tbe lining, tbe portion 
of tbe lining above tbe mantle has been partly protected by 
some and wholly neglected by others Some would not con- 
struct a furnace without mantle-plates, and others would not 
construct a furnace witb them. In most cases, furnace-men 
have either trusted to Providence or to the bosh-plates for the 
continuance of favorable working-conditions above the mantle, 
and tbe prolongation of the life of the lining , consequently 
furnaces are constantly blown out for repairs to the lining, or 
for relimng, when the hearth and bosh are in good enough 
condition to last through another blast 

The following extract from one of Mr. James Gayley’s con- 
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tributioiis on American blast-furnace practice is of interest in 
this connection • 

“One point particularly worthy of mention has been obseived iccently, 
VIZ That the lemovable bosh-plates of bionze oi copper protect not only the 
bosh-wall, blit also the whole of the upper lining, from the point wliere the stock 
strikes against the top-lining down to the mantle The weai oi the lining for 
double the production is only about half what it was when the bosh was pro- 
tected diflerently The result, as amply demonstiated by practice, is that the 
fuel-consumption does not increase with the length of tlie blast, as has been the 
usual experience, and it also follows that the production maintains its legti- 
lanty 

In other words, according to Mr. Gayley’s statornont, the 
melting and wearing away of tlie lining to largo diameter 
above the mantle can be retarded by the use of roinovablo bosh- 
plates so as to increase the economical working-hlb of the 
furnace 100 per cent. The working-life of a furnace depen ds 
upon the ability of the lining, from the stock-line to the 
mantle, to withstand melting or wearing away, which causes 
extravagant fuel-consumption and irregular working. Con- 
sequently, it seems that furnace-men should endeavor to as- 
certain the lines necessary to insure good ecoiioiineal work- 
ing-conditions, and to protect these linos as the hearth and 
hosh are protected, thereby making the life of the lining From 
the mantle to the top equal to the life of the licarth ainl 
bosh. 

My predecessor in charge of the Buffalo liirnaeo luibnuB me 
that, in a former blast, the furnace had the following dim eli- 
sions diameter of hearth, 11 ft ; diameter of bosb, 18 f’t. , 
angle of bosh, 75°; and that it was provided with replaceable 
copper plates up to the mantle, and three rows of (loiil)lo-pipc 
cast-iron plates of the ordinary type above the mantle. The 
inner 1| in. pipe was 2^ in. from the inner edge of the }>latt', 
and the outer 1|- in. pipe was 6 m. from the inner ])ipc, and 
parallel to it, both running lengthwise through the [)late, 
which was 8 ft. in length. The first row of these plates 
was placed 6 in. above the mantle, with the front edge of 
each plate 4|- in. from the inside line of the hrick-work; 
the second row was 2| ft. above the first, with the front edge 
of each plate 9 in. from the inside line of the brick-work; and 


* Trans , xxiv., 759 
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the third row was ^ ft above the second, with the front 
edge of each plate 4| in from the inside line of the brick- 
work. 

Alter blowing-in, the furnace worked very well for the 
greater pari of the first year, when it began hanging and 
slipping, which gradually became so pronounced as to inter- 
fere materially with the grade of the iron. About the end of the 
first year, the water-circulation was lost on the inner pipes of 
the three roivs of plates above described; after which there 
was no more hanging and slipping, while the grade of the 
iron improved and the output increased. In about a year and 
a half from the time the inner rows of pipes were lost, the 
outer rows were lost also , and, there being no water-protection 
left, the furnace soon enlarged at this point to such an unfavor- 
able diameter and shape that it became necessary to blow out 
at the end of the third year. 

On several occasions, I have cut the water off from the inside 
pipes in three or four of the upper rows of bosh-plates, usually 
after the furnaces had been in blast a year or more, and the 
inner pipes had been lost in a few of these plates. A quick and 
favorable response was invariably noticed, in the way of im- 
provement in grade and increase in output. 

The wearing away of the brick-work above the upper row of 
plates, while the latter preserve nearly the original interior 
line, causes at that level a sudden recession of the wall, leaving 
a sort of lodge, which interferes with the regular descent of 
the stock, in proportion to the depth of the recess thus formed. 
This effect (when the plates are placed, as is customary, with 
their front edges a few inches from the original inside of the 
brick-work) is generally noticeable about the middle of the 
blast. I think that the wearing away of the lining could be 
sufficiently retarded to insure the retention of favorable lines, 
through the period of an average blast, by six rows of plates 
above the mantle, placed 2| ft. apart, wdth their front edges at 
least 9 in. from the inside line of the brick-work. 

It has been the experience of some furnace-men, who place 
plates above the mantle and extend them through the lining 
until the front edge of each plate is within a few inches of the 
inside of the brick-work, that the furnace does better work 
when the first row of pipes in the plates burn off, and the 
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diameter of the furnace enlarges until the second or rear row 
of pipes prevent further enlargement in diameter When the 
last row of pipes in these plates hum off, and all protection is 
lost, a further enlargement in diameter causes extravagant fuel- 
consumption and irregular working, to such an extent that it be- 
comes necessary to blow out the furnace and put m a new lining. 
It seems, therefore, from experience with those plates, that in 


Fio 1 



Section of Blast-Furnace, with Beplaeeable Copper Plates up to tlie Mantle, 
and Double-Pipe Iron Plates Above. 


a furnace of modern lines, to secure the protection of plates 
and the retention of favorable lines for a period more nearly 
approaching the life of the hearth and hosh, the plates should 
he placed with the front edge from 9 to 12 in. from the inside 
of the hrick-work. This will permit an enlargement of 
diameter of from 18 to 24 in., without destruction of the 
plates ; and if the furnace can be held by the plates after this 



Fig. 1, taken from a recent drawing made by an eminent 
blast-furnace engineer, shows the hearth and bosh of an 18- by 
80-ft. furnace with an 11-ft hearth and 75 ° angle of bosh, fitted 
with replaceable copper plates up to the mantle, and double- 
pipe iron plates above the mantle. 

I have had an opportunity recently to observe the result of 
fitting up a furnace with rows of solid cast-iron plates at the 
stock-line, and I am much pleased to find how well these 
plates, with an inner edge 6 in. wide, placed in rows one foot 
apart, have worn, and have protected the lining at this point. 
I would not be surprised to see, before long, furnace-stacks 
plated from the mantle to a point above the stock-line with 
water-plates and solid plates. The only question diflicult to 
decide will probably be the point in the ascent at which the 
water-plates should stop and the solid plates begin. 

Considering the great progress of furnace-practice in recent 
years, especially in the matter of the protection given to 
furnace-hearths and boshes, it seems that the linings from the 
mantle up have not had a corresponding share of protection, 
and that in the near future this portion of the stack will be 
equally protected with the hearth and bosh from the effects of 
heat and abrasion, so that a great increase in the length of 
blasts, or the amount of iron made on one lining, may be ex- 
pected. 
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Metasomatic Processes m Fissure-Veins.* 

BY WALDEMAB. LINDGEEN, WASHINGTON, D C. 
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PART I. 

General Features 
Purpose and Extmt of Inquiry, 

A study of the changes in rocks contiguous to ore-bearing 
iisBiircH IB essential to a thorough understanding of the genesis 
of such deposits hTevertheless, comparatively little work has 
been done in this direction, though many mining geologists (for 
instance, v. Groddeck) long ago emphatically declared the neces- 
sity of such investigations Ores and structure have been dealt 
with 111 detail; but the important changes which adjacent rocks 
of known composition have suftered are too often briefly dis- 
missed, or even incorrectly indicated. It is the purpose of this 
review i,o collect the scattered data relating to the alteration of 
rocks near or between fissures , to indicate the principal active 
processes; to classify the veins, if possible, according to the 
difierent phases of alteration accompanying them; and, finally, 
to draw some conclusions from the facts thus grouped. This 
first attempt to systematize the nietasomatic data of fissure- 
veins IS by no means complete ; only such parts of the American 
and foreign literature are represented as were deemed to be 
ol' vital importance. The discussion principallj;^ involves the 
changes which the country-rock has undergone, whether they 
have resulted in the formation of ores or not, and, in the sec- 
ond place, some space is devoted to such alterations as fissure- 
veins already formed sometimes sufler through certain sec- 
ondary agencies. I have excluded, however, all references to 
weathering, or to the decomposition of vein-materials near the 
surface by waters containing free oxygen. It is often difficult 
to draw the line between normal fissure-veins and deposits not 
von. XXX. — 36 
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to "be regarded as such, strictly speaking, hut clearly due to the 
same genetic causes ; and some of the latter class have hccii 
included m this discussion. 

Definitions. 

Fissure-Veins--'^OT\hQ present discussion, a hssure-voin may 
he regarded as a mineral mass, tabular in form, as a whole, 
though frequently irregular in detail, occupying or accompany- 
ing a fracture or set of fractures in the enclosing rock; this 
mineral mass has been formed later than the country-rock and 
the fracture, either through the filling of open spaces along the 
latter, or through chemical alteration of the adjoining rock. 
Such alteration does not ordinarily extend far from the lissuro 
Only in regions where the vein-forming agencies have acted 
with unusual intensity, a partial alteration may extend over 
larger areas. These zones of alteration being genetically con- 
nected with the veins proper, must necessarily also bo coiisid- 
ered in this discussion 

Metamor'phism — This term, meaning strictly a change of 
form, was proposed by Lyell in 1831, and lias since huen em- 
ployed in a wider sense, so as to cover any change in the com- 
position or structure of a rock, through whatever ageiKjy, and 
whether with or without gain or loss of snhsiance. 

Metasomatism . — This name, meaning a “ change of body,” is 
given to that variety of metaraorphism which involves a cliange 
in the chemical composition of rocks, by the addition or sub- 
traction of substance * The terms “ replacement,” “ sulistitu- 
tion,” “ alteration,” etc., have been employed in disciiBBioiiR of 
metasomatism with difierent shades of meaning. A review of 
the classification of pseudomorphs, which form the origin of 
oiir knowledge of metasomatism, will throw light upon the 
nomenclature of the subject. 

The occurrence of organic remains, consisting of material of 
which they were certainly not originally composed, called atten- 
tion to the remarkable transformations now knowji as mota- 
somatic replacements As instances, we may recall corals 
changed into quartz, belemnites converted into barite, and filiells 
of bivalves or gastcropods transformed into pyrito, clialcocite, 

Dana {Man of Qeol , 4th ed , p 314) proposes for the same process the term 
“ metachemic hut this has not found general acceptance 
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sphalerite or specularite. To the same order of phenomena be- 
longs the silicified wood, m which the organic substance has 
been removed and replaced with silica so delicately as to pre- 
serve in minute detail the original organic structure This re- 
placement is probably due to the precipitation of silica from so- 
lution by the acids generated in the decay of organic matter. 
More rarely, wood and plant-remains may be replaced by py- 
rite, chalcocitc, galenite, cinnabar, barite, limonite, malachite, 
etc 

But it is the study of pseudomorphs, showing one mineral 
appearing in the crystal-form of another, that has led to a more 
detailed knowledge of the chemical laws which govern these 
remarkable changes Here was conclusive proof that one min- 
eral, definitely crystallized, had changed into another, some- 
times totally difierent, substance. Naumann says of pseudo- 
morphs 

‘‘Then niiporUnce cannot be overestimated, because they enable us to study 
successfully the laws of the piocesses Avhich are constantly acting in the rocks and 
constantly changing them , foi the pseudomoiphs represent only one special 
case of the giand piocessof chemical alteiation going on in the mineial kingdom 
namely, that in which the foim lemained in spite of the change From these we 
may diaw conclusions as to the chemical piocesses going on in locks which may 
change each giain to anothei mineial ” 

Blum, who made the first extensive examination of pseudo- 
morphs, divided them into (1) those produced by partial 
change in the composition of the original mineral (one or more 
elements being removed, added or introduced by substitution) , 
and (2) those produced by a complete replacement of the orig- 
inal mineral with another. (This class includes both those 
produced by chemical replacement and by previous solution 
and subsequent filling ) 

llfaumaiin, in his well-known text-book of Mineralogy, di- 
vided the pseudomorphs into . (1) hypostatic pseudomorphs, 
formed by the mechanical deposition of substance outwards or 
inwards from the limiting planes, and again subdivided into 
pseudomorphs by covering, and pseudomorphs by filling , (2) 
mctasomatic pseudomorphs, formed by the alteration of the 
substance by means of its molecular replacement with anothei 
mineral while the form has been preserved. The metasomatic 


* Minei alogie, Naumann-Zirkel, 10th ed , Leipzig, p 112 
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pseud omorphs are also designated as “alteration ’ {^Umioand- 
lung') pseudomorplis. This, it will be noted, is tlic first intro- 
duction of the word yuetasomatic in technical literal lire. In 
nearly all cases, the mctasomatie pseudomorplis involve chem- 
ical action. 

ISTauniaiiii further divides the mctasomatie pseudomorplis into 
three classes, in which, respectively, {a) the original and Ihe 
secondary substance are identical in chemical constiLiients 
(“ paramorphic ” pseudomorphs) , or (6) chemical alleraiion 
has left one or more elements of the original mtlic flccondary 
substance ; or (c) the replacement of constituents has been com- 
jilete, as in the substitution of galeuito for calcito, or pyriic 
for quartz, but the process has been, nevertheless, a ehomical 
one, since the removal and deposition have proceeded siniiil- 
taneously, molecule for molecule. The second of ilieso classes 
is again subdivided, according as the change involved simply 
the loss of original components (as in the formation ol‘ argeii- 
tite from pyrargyrite), or the addition of components (c.y., angle- 
site from galemte), or the exchange of components (e.y., senciio 
from oligoclase) 

The conceptions of Blum were introduced into English 
technical literature by James D. Dana,'* who divided pscudo- 
morphs into those formed (1) by infiltration (meelianieal de- 
position in a mould already formed); (2) by incrustation (ino- 
chanieal covering of crystals) , (3) by replacement, one mineral 
gradually replacing another, and assuming at the same time its 
form, without any interchange of elements (the process lioing 
in a certain sense chemical, and wholly difibrent from simple 
deposition) , (4) by alteration, some of the edements being re- 
moved or exchanged, or new ones being added , and (5) by 
allomorphism, without chemical alteration, the body cliangiiig 
to one of the same composition hut of different crystallographic 
system (the paramorphic pseudomorphs of llsfaumaun). 

Somewhat extreme views, differing from the above, wore 
advanced by T. Sterrj Hunt,t who classed pseudomorphs as : 
(1) those produced by chemical alteration, meaning by this a 
partial exchange of constituents (e.y., limomte after sidcrito) ; 
and (2) those produced by substitution or replacement (tbosc 

* American Journal of Seieme, vol 4S, 1845, p 81. 

f- Systematic Mmerodogy, New York, 1892, p. 111 
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terms being evidently regarded as equivalent). The latter he 
believed to be produced by deposition in spaces left by the re- 
moval of some other matter. The form of the original sub- 
stance IS assumed by the material which displaces, or is substi- 
tuted for it, e.g , quartz after calcite, barite, etc. While thus 
admitting partial alterations, Hunt makes a special case of a 
complete replacement, refusing to consider it as a chemical 
process, and regarding it always as an instance of separate dis- 
solving and refLlling, To the theory of metasomatism, which 
maintains that all the chemical elements in a crystal may be 
removed, and by molecular processes replaced with foreign 
substances, Sterry Hunt was strongly opposed 

Pseudomorphs of the second group proposed by him are, as 
is well known, of frequent occurrence, and correspond to Hau- 
mann’s hypostatic division or pseudomorphs formed by me- 
chanical deposition Spaces of dissolution, subsequently filled, 
are also common enough in rocks, and may usually be readily 
identified as such under the microscope. But that molecular 
replacement, as defined by Haumann and Dana, also exists, 
and, moreover, is of the highest importance, seems at present 
beyond doubt 

As the essential process of metasomatism applies as well to 
an irregular grain as to a perfectly developed crystal, we are 
justified in extending the conception to aggregates of grains of 
one or several minerals , in other words, to rocks and mineral 
aggregates in general. In this sense 0 K. Yan Hise* has de- 
fined metasomatism as “ the process of metamorphism by which 
original minerals are partly or wholly altered into other min- 
erals, or are replaced by other minerals, or are recrystallized 
without chemical changes, or one or all of these together.” S 
P. Emmons has defined metasomatism as follows f 

“ By metafeomatic exchange is meant an interchange of substance without nec- 
essarily involving, as does pseudomoipliism, the pieservation of the original form 
of the substance replaced, or even of its original volume ” 

A second definition, based on the consideration that practically 
simultaneous solution and deposition could certainly be proved 


* "Principles of Pre-Cambiian Greology,” I6lh Ann Bept , U 8 Geol Sim , 
part 1 , p 689 

i ZJ (S' Oeol Surv , Monogr XII , p 566 
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for many cases, where the exact proof of chemical-moloculai 
replacement could not he furnished, is given hy Mr. hiuiuons 
as follows 

“ JBy metaaomatic interchange I understand an interchange of substancea, but 
not necessaiily molecule by molecule, msuch a manner as to preseivc the original 
structure, form or volume of the substance replaced ” 

The faiidamental difficulty is that the final result docs not 
always mdieatethe particular pseudomorphic process which lias 
preceded Mechanical deposition, for instance, may follow so 
closely after dissolution, that the two processes really appear as 
one It may also he said that molecular rejilacomont is dilR- 
Gult to prove, as molecular processes cannot he followed with 
the microscope, and tins is, in a sense, true. Wo may asBort, 
however, that, with the highest magnifying powers, wc arc able 
to follow the transformation of quartz, for instance, into seri- 
cite, or into calcite, or into sidente, without finding the 
slightest indication of an intermediate stage of open space. 
The fiber and blades of sericite project into the quartz without 
the slightest break in the contact; the rhombohodroiis of Hid or- 
ite develop in quartzite, their crystal faces cutting acroHH the 
grains without any interstices. Perfect tourmaline priHins de- 
velop in feldspar grams, and sharp cubes of pynte in pnmary 
granitic quartz. 

Ill cases of complete molecular replacomout, Hiicb as galena 
after calcite, the replacing mineral was probably [irosoni in the 
solution, partly dissociated or ionized. The solution of a cer- 
tain quantity of the original mineral caused the separation of a 
corresponding quantity of the ions of Ihe replacing Biibstanco, 
according to physico-chemical laws. If earned out on tbeae 
lines, the process is necessarily molecular and cbeniical. Where 
there were two solutions — one dissolving, the other depositing 
— and where a certain time intervened, the process is a mccbaii- 
ical one and should not, I think, be coiiBidered mclasoniatio. 
Ill many cases the distinction may he very difficult to draw. 

In conclusion, metasomatism might be defined as the xiro- 
cess by which a mineral has suffered, through chemical 
cesses, a partial or complete change in its chemical constitution. 
Rocks or aggregates of minerals are “ metasomatic/’ if any or 

> "The Genesis of Certain Ore-Deposits,” Ttans , xv , 128, 1886 
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all of the constituent minerals have undergone such changes. 
This definition excludes the process of paramorphism which, as 
already emphasized by Naumann, is exceedingly rare. 

In the use of the term alteration it would perhaps be best to 
follow Dana and let it mean a partial change of substance in a 
mineral or rock Decomposition^ it would seem advisable to re- 
strict to the cases in which a mineral or rock is dissolved into 
its component parts , and a principal use for it would be found 
in the processes of weathering. 

As has been shown, the words replacement and substitution 
have been used in very different ways The majority of recent 
authors use them both as equivalent to metasomatism Dana, 
however, applies replacement to a complete exchange of sub- 
stance, reserving alteration for a partial loss, gain or interchange 
of elements ; while Sterry Hunt gives the name of replacement 
or substitution to mechanical dissolution and the filling of the 
resultant cavities 

The chemist has, however, a distinct definition of substitution 
as “ the replacing of one or more elements or radicals in a 
compound by other elements or compounds;” and it would 
probably be best to adhere to this, and discard substitution as a 
synonym for metasomatism or alteration. 

Replacement is, in its general meaning, nearly identical with 
substitution, although it has no such distinct chemical use. It 
would seem advisable to regard it as a synonym of metasoma- 
tism, distinguishing, for the sake of convenience, between par- 
tial and complete replacement This is contrary to Dana’s dis- 
tinction , but the word has been used so generally during late 
years in this wider sense that it seems best to retain this mean- 
ing for it. 

Impregnation — This term has been applied in so many differ- 
ent ways — to primary disseminations , to minerals formed by 
replacement ; and to the filling of cavities or interstitial spaces 
in rocks — that it might well be rejected altogether as a genetic 
term, and used only in a structural sense, as descriptive of 
finely divided material disseminated in a differing mineral or 
rock-mass. 

Cementation. — This term, proposed by Prof 0 R. Van Hise,* 

* “ Pre-Cambrian Geology ” IGtli Ann Report U S. G S , pait i , p. 684 
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is convenient and expressive for the purpose of indicating fill- 
ing of interstices in porous or shattered rocks. Cementation 
assumes importance in proportion to the porosity of the rock, 
which, in sandstones and tufts, may reach 10 or 20 per cent 
In most intrusive igneous rocks the porosity is so small as to he 
a negligible quantity. 

'Weathering . — Under this name are included the changes of 
rocks near the surface in cohesion and composition, due to the 
decomposing and oxidizing action of percolating waters above 
the permanent water-level. The tendency of weathering is to 
destroy the rock as a geological unit. The final results of 
metasomatic action are a few resistant minerals, such iis quartz, 
kaolin and limonite. The formation of serpentine, chlorite, 
epidote and (ordinarily) pyrite is not weathering, but is duo to 
more deeply seated causes The German usage of Verioitterang^ 
to cover all secondary changes, due to weathering, thermal and 
other causes, seems highly objectionable, and especially apt to 
lead to many misconceptions. 

In view of the difterence of usage as to many of the above 
definitions, it is to be hoped that writers upon this subject will 
take pains to indicate the sense in which the various terms are 
employed by them. 

Metasomatism in Connection with Mineral Deposits, Especially 
Fissure- Veins 

It was not long before the principles of metasomatic action, 
learned by the study of pseudomorphs, were applied to larger 
masses of rocks. This led, perhaps inevitably, to exaggerated 
notions, such as that of the formation of true granites from 
sediments and limestone,* etc. ; and this undue oxtonsion was 
followed by a reaction, exemplified in Sterry Hunt’s writings. 

The observation that ores may bo found, not only in the 
clearly defined vein-filling, but also in the rock adjacent to the 
fissure, is contemporaneous with almost the earliest sciontific 
records of mining Sandbergerf mentions the occurrenc.e of 
masses of native silver, found in 1786 in the altered granite of 
certain Schwarzwald veins, which greatly astonished the old 
miners. Vogelge8ang,J in Cotta’s “ Gangstudien,” describes 

G Biscliof, Qhem Qeol , Bonn, 1866, vol lii , p. 34 
t Erzqange, pait ii , p 418 J Vol. u , Freiberg, 1854, p, 78. 
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the dissemination of argentite, native silver, and various sul- 
phides, in the gneiss adjoining certain veins near Freiberg. 

But whether or not it contains ore, the rock adjoining a vein 
is very commonly softened, bleached and altered for some dis- 
tance away from the fissure. This phenomenon has been ex- 
plained in two radically different ways 

1 Bischof says ‘ 

“As we find oies in veins, pioportionate in quantity to the alteiation of the 
countiy rock, what other relation can be thought to exist between the two facts 
than that the abundance of the ore is a result of this alteration 

Sandberger says f 

“ The extent of the alteration on both sides of the vein corresponds with the 
aiea fiom which the pioducts of leaching have been carried to the vein ” 

2. The opponents of these views say that the narrow zone of 
alteration, intense next to the fissure and gradually fading away 
within a short distance from it, most clearly indicates an agency 
within the fissure, acting with gradually diminishing energy on 
the adjoining strip of rock They also point out that Bischof ’s 
premise, i e , the coincidence of richness of vein and extent of 
the altered zone, is not true as a nniversal proposition. And 
they show, further, that as the whole altered zone has, in many 
cases, received an addition of the same metals as are contained 
in the vein which may more than counterbalance its losses of 
other constituents, Sandherger’s conclusion can certainly not 
have a general application , and finally, that, in those veins 
which have no gangue, hut in which the ore has accumulated 
ill the rock during the alteration, the incorrectness of that con- 
clusion 18 particularly apparent. 

Veins carrying eassiterite early attracted attention, as being 
almost always accompanied by ore impregnating the surround- 
ing country-rock. The metasomatic character of the process 
was first shown by BauhreeJ and later by Cotta, § both ot 
whom, in support of their views, call attention to the well- 
known occurrence of eassiterite as a pseudomorph after feld- 
spar Both explain the alteration as due to gradual replace- 

* Ghcm Oeologie, Bonn, 1866, vol ui , p 666 
(■ Ersgange, vol i , p 149 
:1 Ann d Mvnei,, 1841, xx , pp 65, 72, 83 
§ Die Lehre von den Erzlagerstatten, Freiberg, 1859 
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ment by the agency of thermal waters This explanation was 
substantiated by more recent and detailed investigations; for 
instance, by Eicbard Pearce (1864) and Lehfeve Foster ^(1877) 
in regard to Cornwall , and by A. W Stelzner (1864) foi 
Greyer, Saxony. 

The views of Cotta eoncerning the alteration of the wall- 
rocks or veins are well expressed in the following paragraph . ' 

“ Wlien lodes aie accompanied by ore-impregnations, it is to be assumed that 
generally the solutions from which the materials of the lode vvei'O piecipitated 
they may have been aqueous, igneous-fluid, oi gaseous — also penetiated the wall- 
rock and there caused certain deposits in fine clefts or in the rock itself In the 
last case, crystals have made lOom foi themselves by tlieii powei of ciystalliza- 
tion , or an ore took the place of the mineral dissolved, foi example, tin-oie, 
that of feldspar ” 

This quotation shows plainly the clear conception which 
Cotta had of the alteration of rocks, as duo, not only to lilling 
of pores and cracks, but also to processes of replacement active 
within the rocks. 

Although Cotta made no special division of rcplaccmeiU- 
veins, he was well aware of their occurrence and porfoctly able 
to distinguish them from filled spaces. Describing the gold- 
veins of Tauern (Austria), f he says that they have not the 
character of clearly opened and filled fractures, hut consist of 
several parallel tight fissures, between which lies more or less 
impregnated and altered country-rock The gold pouetraies 
into the country-rock from the fissure, and the tenor dccreasi's 
gradually with increasing distance 

In 1873 Posepny published his famous examiiuitious oi' iluj 
Raibl deposits.^ These are not connected with lisHurcs, but 
deserve mention, since entirely similar processes are active iu 
fissure-veins. Posepny found that carbonate of zinc had re- 
placed carbonate of lime “ by metamorphie processes.” 

Yon Groddeck, in his well known texfi-hook (1870), inclndcs 
“ metamorphie ” deposits in Ins system, but limits ihom to re- 
placements of limestone by zinc-, iron- and mangauoso-mincr- 
als. At about the same time, Stelzner, in his lectures, intro- 
duced a corresponding division of “metasomatic deposits,” 

A Treatise on Ore-Deposits (Prime’s Translatioou) New York, 1870, p 90. 
t Die Lehevon den Erdagerstatten, Freiberg, 1859, part ii , p 318 
1 Jahhuehd I k Oeol ReuMcmtaU, xxiii , 1873, p 317 
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though they were still limited to a relatively small number of 
the irregular masses in limestone 

Kaphacl Pumpelly was, I believe, the first who applied the 
principles ot metasomatism to ore-deposits in this country, in 
dcBcribing the copper-deposits of Michigan (in part fissure- 
veins) in vol 1 . of the Geological Survey of Michigan (1873), 
and in his noted paper on the “ Metasomatic Development of the 
Copper-Bearing Rocks of Lake Superior The copper, to a 
great extent, replaces other minerals. 

In 1879 J A Church published a volume on the Comstock 
mines, f in which he maintained the origin of the quartz by 
replacement acting from a number of narrow fissures 

In 1882 S. P. Emmons first published the results of his ex- 
aminations of the Leadville silver-lead deposits, in which it was 
shown that these were entirely formed by metasomatic replace- 
ment of the limestone by galena and other minerals A little 
later, J. S Curtis published his first results in regard to the 
silver-lead dc])Osits of Eureka, ISTevada, in which he arrived at 
substantially the same results as Mr Emmons Though these 
deposits, as well as those of Leadville, are not to be regarded 
as fisBuro-veins, it was evident that the same process might be 
considered as active along fissures, provided the waters circu- 
lating 111 them had the composition attributed to those of Lead- 
ville and Eureka. The results obtained were certainly of the 
greatest interest to students of fissure-veins, and threw a new 
light on many obscure facts. During the following years, Mr 
Emmons, who had visited a great number of raining regions 
in the West containing fissure-veins, published several papers, ■]: 
111 which he maintained that, for a great number of the veins 
formerly considered as containing ore deposited in open spaces, 
another and much more plausible explanation could be advanced, 
namely, that, in many cases, the fissures had not been opened 
to any noteworthy extent, but only so much as to admit the 
passage of the mineral-bearing waters. The latter had attacked 
the rock on either side of the fissure, and, by a process of 
metasomatic replacement, had deposited ores in the place of 

Froe Am. Jml Ar/s and Sci , vol xiii (new senes, vol v ), 1878, pp 253-309 
t The Comstock Lode New York, 1879 

I “ The Genesis of Certain Ore-Deposits,” Trans , xv , 125, 1886 , “Structural 
Itelations of Ore-Deposits,” Trans , xvi , 804, 1887. 
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the simultaneously dissolved rock-constitiiGiits. Api)lynii> this 
process to composite veins, consisting of a imml)er ol narrow 
fissures, and considering that gradual replacement had taken 
place, extending into the rock on each side ol each smaller 
fissure, Mr. Emmons succeeded m showing how, under certain 
circumstances, a handed structure such as had ordinarily boon 
attributed to the filling of open spaces could to some extent 
result from the process of replacement. 

During the following years the theory of the formation ol 
fissure-veins by replacement rapidly gamed ground ; and for 
some time it seemed as if the old view of deposition in open 
spaces were doomed to complete extinction. Carried away with 
the importance and interest of the metasomatic theory, many 
geologists and mining engineers extended its teachings beyond 
proper bounds, and were prone to speak of any fissure-vcni as 
unquestionably a product of replacement. Attempts were made 
to show that open fissures could not exist unsupported, at any 
rate below the most superficial depths, and facts and proofs 
were too often neglected for bare assertions that metasomatic 
replacement had taken place. Posepny, in the discussion of his 
paper,'^ protested against this unwarranted extension of a most 
excellent and well-founded theory, and stated with some force 
that the experience and observations of a hundred years were 
not to be throwm away without very careful scrutiny. The 
pendulum had now swung to its extreme position ; and it was 
not unnatural that a reaction should follow. It gradually lie- 
'came clear on the one hand that open spaces can and do exist 
down to a depth of many thousand feet,t and that these open 
cavities may be filled by the action of mineral-bearing water. 
On the other hand, it is evident that there is ample room for 
processes of replacement in fissure-vcins, which may either aft 
feet the surrounding country-rock without producing notable 
amounts of ore, or, on the other hand, may attack it in such a 
way as to convert it wholly or partially into valuable minerals. 

Some kind of metasomatic action is usually noticeable in the 
rock adjoining the fissure. But it is not to be domed that in 
many cases this alteration is very slight, and in a few veins it 
may he entirely ahsent. 

* Tram , xxiv., p. 968 

t Van Hise and Hoskins In ‘‘Piinciples of Pre-Cambrian Geology,” 

Ann Bept U S Qeol. Snrv , part i. 
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Galcuhlion of Analyses. 

In order to trace lire metasomatic changes by which one 
mineral has resulted from another, it is necessary to know the 
composition of each, and the change in volume during the al- 
teration. Without the latter the problem is capable of mam’’ 
solutions, any one of which may be possible, though not true. 
Only when some definite data, such as the constancy of one 
constituent, are available, can the changes be determined with- 
out reference to relative volumes Por instance, the percentage- 
composition and spccifio gravity of argcntite and pyrargynte 
are as follows 

s Ag Sb Sp Gr 

Per cent Per cent Per cent 

Aigentito (Ag^vS), 13 0 87 0 7 0 

Pyrargynte (AgjjSbS,), 18 0 60 0 22 5 8 

Pyrargyritc may he altered into argeiitite , hut analyses alone 
give no complete due to the character of the alteration. Sup- 
posing, however, that we have found that 1000 cub centim of 
pyrargyrite hocomes 570 of argentite , then we may calculate 
that about 9 kilos of sulphur and 22 of antimony have been 
removed from lOO kilos of pyrargyrite during the process, 
while the silver has remained constant. Supposing, again, that 
wo have found pyrargyritc altered into argentite without change 
of volume, then from the original 100 kilos, 2 24 of sulphur 
and 22 of antimony have been lost, and 44.8 of silver added. 

To Gxeni})lify further the many ways in which even simple 
metasomatic problems can he solved, we may take the well- 
known change of olivine to serpentine, consisting, as ordinarily 
considcrocl, m a simple hydration of the original mineral. And, 
in order to simplify the matter still further, we may substitute 
for ohviiie the pure magnesium orthosilicate, occurring as a 
mineral under the name of forstorite, and assume the resulting 
Borpeiitino to contain no iron. The formulas show that serpen- 
tine cannot ho derived from olivine or forstente by means of a 
simple addition of water. It may, however, he derived from 
enstatito (which is a magnesium metasihcatc) and forstente, as 
follows ' 

Mg^ SiO, -f Mg SiO, + 2H,0 = Mg, Si, 0^. 

Translated into kilograms, this means that 50.8 kilos of fors- 
torite -h 36.2 of enstatite 4- 13 of water is equal to 100 kilos of 
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serpentine. This again translated into volumes by aid of the 
specific gravities, means that 15.8 cb cm. forstcritc + 11. V ch. cm 
enstatite + 13 cb. cm. water is equal to 40 cb. cm. serpentine, or 
that 27 5 cb cm. anhydrous silicates are needed to produce 
40 cb.cm, serpentine. In other words, the increase of volume 
during the process of serpentiiiization amounts to nearly one- 
half, — ^the specific gravity of forsterite being 8 24, that oL en- 
statite, 3 1 ; and that of serpentine, 2,6 

Serpentine may also be obtained by adding silica and water 
to forsterite Thus,3Mgj SiO^ + 4H^O + SiO.^ = 2II^ Mg, SqOa 
Calculating in the same manner as above, wo find that 131 
cb. cm. of forsterite results in 221 of serpentine, which represcnlH 
an increase m volume of somewhat more than two-thirds 

Still another way of derivation is by subtracting MgO and 
adding water, as shown by the following formula 

2Mg^ SiO,+ 2H^O= Mg, Si^Og + MgO. 

This again is equivalent to the formation ol‘ 110.4 cb. cm. of 
serpentine from 86.8 of forsterite, or an increase of volume of 
only a little more than oiie-fonrth. 

Many other formulas could be put forward, which would 
explain the formation of serpentine, each showing a difierence 
in the relation of volume of the secondary mineral to that ol' 
the fresh Even in this simple case it might bo, in any given 
problem occurring in nature, extremely difficult to decide with 
confidence which particular formula should he applied. The 
problem only becomes definite when we positively know the 
relation of volume of original substance to that ol* secondary 
substance. It is perhaps suporfluous to add that ilu' more 
knowledge of specific gravities does not give this relation of 
volumes 

When we have to consider metasomatic procesBes aftecting 
rock-masses, aggregates of from two to six or more minerals, 
the complexity of the problem becomes immensely greater ; for 
each of these constituent minerals may have siifl'ered different 
metasomatic changes. Some may have remained unaltered, 
while others have been completely replaced ; and otliors, again, 
may have lost, or gamed, or exchanged one or more elements. 
To calculate the sum total of these changes is often an ex- 
tremely puzzling task. 
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The niiiiGral composition of the altered, as well as the fresh, 
rock may bo accurately calculated by methods known to petro- 
grapliy, if its analysis, as well as those of the constituent min- 
erals, be available. Even where the latter are only approxi- 
mately known, a fairly accurate calculation may be made. Thus, 
for insiance, from an analysis of an altered granite containing 
pyrite, calcite, magnesite, siderite, sericite and quartz, the per- 
centages of these minerals may be obtained with fair accuracy. 

The chemical changes suftered during any alteration of a 
rock may be considered by uiiibweight of original substance 
or by unit-volume of the same The results will be identical 
if both rocks arc iion-porous, or if both have the same porosity. 
Tf the actual additions and subtractions should happen to bal- 
ance, then the percentage-analyses offer, by comparison, direct 
evidence as to the quantitative alteration. If, besides, during 
the alteration, the j)orosity of the two rocks remain the same, 
then the changes measured by unit-weight will be identical 
with those inoaBurcd by unit-volume This exact balancing of 
gains and losses, however, is, of course, exceedingly rare If 
we do not know the relation of volumes between the two rocks, 
other ways must be sought for, at least, a partial solution of 
the problem If we know that one or more new constituents 
have l)een added, wo may subtract these, recalculate on 100, 
and then compare the analyses This method in many cases 
leads to fairly correct results , but it must be applied with the 
understanding that, ordinarily, it will only give approximate 
results ; and that, if there be many partial additions and sub- 
tractions, the inaccuracies may bo very great, and actual losses 
and gains may appear reversed. 

Tf we know that one constituent has remained constant, with 
neither gain nor loss (as the silver in the example cited above), 
then correct results may be obtained by recalculation on this 
assumption, as has been shown This mode of calculation has 
been used by Schoerer, J. Both, and lately also by Prof. G. P 
Merrill, in his book on “ Rocks and Rock-Weathering.” It is 
only rarely, however, that we are able to recognize this con- 
stancy , for nearly all constituents undergo some change in the 
alterations of wall-rocks. Even alumina, often considered to 
be nearly insoluble, shows great changes in some altered rocks. 
Besides, if we base recalculation on some compound of which 
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but a small percentage is present, the multiplication ot errors 
may play havoc with the result Altogether, this mode ol 
ascertaining gains and losses must he applied with the greatest 
caution. 

Any given analysis of fresh and altered rock may correspond 
to several very ditferent mineral compositions For any given 
mineral composition, the constancy of one constituent during 
the change to another (also known) mineral composition, de- 
termines the change in volume involved (not considering po- 
rosity). When the change m volume can he directly ascer- 
tainecl, we are definitely able to obtain the absolute gams and 
losses suffered by unit-volume of the rock, and this com^iarisoii 
is ordinarily the one which throws most light on the processes 
involved. But relations of volume are difficult to obtain with 
certainty, especially in regard to a rock made up oi’ a number 
of minerals which have suffered different changes. Ah a rule, 
in fissure-veins, the replacing minerals are denser than thoHC 
replaced, so that, if the rock remained compact, there would 
be a decrease in volume. But as there usually are no indica- 
tions of compressive stress in the altered rock, the result of 
this replacement of lighter by heavier minerals will be a po- 
rosity expressed by a notable difference in the cxporimenlally 
determined specific gravity of the rock and that calculated from 
its known mineralogical composition. This may, in some cases 
at least, justify the a8sumj)tion that the rock has not changed 
its volume as a whole ; and if this be true, a direct comparison 
between equal volumes of fresh and porous altered rock is 
practicable. Should it appear probable that an actual (ihange 
of volume has taken place, either by expansion or contraction, 
it will ordinarily be a difficult matter in each case to ascjortain 
the exact amount of this change, without which knowledge the 
calculations cannot be earned out If there is porosity, the 
changes by unit-weight ot original substance may differ greatly 
from those obtained by unit-volume, hence porosity is a factor 
which must not be overlooked. One method may indeed indi- 
cate the very opposite of the other. Bor instance, by the first 
way, it may be ascertained that a rock has gained several per 
cent of its weight; while the other method may show that 
an actual loss per unit-volume of original rock has taken 
place. 
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[n th(3 considerations outlined above, it is assumed that the 
rocks to he compared have undergone no change of volume 
since their removal trora the surrounding mass. In regard to 
the fresh rocks, there is, as a rule, little fear of this Certain 
altered rocks, however, easily soften or crumble wdien exposed 
to the air, probably indieatiiig that an increase in volume is 
taking place. An exceedingly slight action of this kind would 
('vidently bo sufiicient to break up the rock if it were not coiv 
fined. There is, therefore, little reason to fear that such 
change of volume has taken place, if the specimens of altered 
rock remain lirm and solid. 

Criteria of Metasomatism. 

Oonaiderable space was devoted to this subject in the dis- 
cussion of Posopny’s paper in the Transactions of the Insti- 
11110,-^ and it may therefore he passed with brief notice. 

It IB not always easy to be sure whether metasomatic action 
really has taken place, and in deciding this question the great- 
est caution must be observed. The mere occurrence of two 
minerals togetber by no means proves that one has been de- 
rived from the other The chief difficulty is to draw the dis- 
tinction between molecular processes involving simultaneous 
dissolution and precipitation, on the one hand, and previous 
dissolution ami subsequent precipitation on the other. 

The only decisive criterion is that of metasomatic pseudo- 
morphism, involving the proof (generally to he furnished by 
microscopic study) as to whether simultaneous dissolution and 
deposition have actually taken place. The most satisfactory 
proof is the distinct alteration of well-defined crystals (or, at 
least, well-defined grains) of the original mineral into the sec- 
ondary mineral, in such a way that the latter projects into the 
former in prisms or fibers, having crystalline outlines Another 
proof is afforded by sharply defined crystals of the secondary, 
embedded in the primary mineral, without any break between 
their snrfuccs ; hut in this case it must be clear that the re- 
placing mineral is really secondary, and was not formed before 
the primary. Another satisfactory proof is given when, for 
instance, in a sandstone, the newly formed mineral has in part 


VOL XXX — 37 


^ Tram , xxiu , 587 



696 METASOMATIC PB.OOESSES IN FISSURE-VEINS 

a crystalline form, and its surfaces sq[uarely intersect the fijrains 
of clastic material winch it partly replaces 

There are many other available criteria such as the onlargo- 
ment of fissures m the replaced mass. An iiisiaiicc is shown 
in Fig 30, representing a veinlct of quartz formed hy fillmg a 
small open fissure, and adjoined on one side hy galena, which 
extends most irregularly into the adjoining quartzite. (See 
also Fig. 28+ ) The retention of the structure of the original 
mass hy the secondary replacing minerals is also an excellent 
criterion, provided it be identified beyond doubt. Thus, for 
example, certain porphyritic rocks have siifTcrcd nearly com- 
plete silieification, but preserve almost entirely the ontlincs of 
phenocrysts and the structure of the ground-mass. The occur- 
rence of remaining nuclei of unaltered rock is soinetiinGS an 
available criterion; hut it must be used with caution, and 
probably has given rise to misinterpretations, on account of 
its similarity to actual inclusions of country-rock in vein-filling. 
In cases of replacement by sulphides, the unaltered residual 
rock may be sharply defined, and may closely simulate inclu- 
sion In cases of replacement by calcitc or quartz, there is 
less of this danger, as the action is usually more gradual. If 
the alteration or replacement proceeds normally from the out- 
side of a crystal or angular mass of rock, the tendency will be 
towards rounded residual portions in the interior of the mass, 
as may often be seen in altered crystals of olivmc. This 
criterion for replacement, suggested by (3. F. Bcckor, may 
under circumstances prove useful Generally, however, tlio re- 
placement proceeds very irregularly, owing to the cffocit ol’ 
little cracks and fissures. Slight clay-seams may often inter- 
pose an absolute barrier, so that sharp contacts of replaced and 
fresh rocks result. The reidacement of crystals or angular 
fragments may occur without changing in the least, even by 
the rounding of corners, the form of the masses. 

In couelusioii, I would repeat and adopt the Btatemont of 
Mr. Becker, t that “ the theory of the substitution of ore lor 
rock is to be accepted only when there is definite evidence 
of pseudomorpMc, molecular replacement.” 

^ A somewbal similar and excellent illustration is given in Biclmrd’s “Yoin- 
Walls/’ jfiara , xxvi., 195, from the Hillside mine, Arizona 

f- Discussion of Posepny’s paper, T/ans , xxiii , p. 602 
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III mdiiy fissnrG-veins, practically all of tlie eeonoinically ira- 
porlaiit ore has been formed by replacement ; and for these 
deposits the term replacement-vans is especially used But if 
wo do not coniine ourselves to the fluctuating definition of 

pay-ore, practically all fissure-veins are, to some extent at 
least, replacement-veins 

Mr. Emmons* has suggested the following criteria for “ re- 
placemmt-vnns ” in the narrower sense of the word • (1) absence 
of Bymmetncal banding or comb-structure in the vein-niaterial, 
and of breccias of country-rock, cemented by vein-material , (2) 
great irregularity in the width of the ore-bodies, which may 
reach very groat dimensions; (3) general lack of definition 
between ore-body and wall-rock 

Crystallization of Secondary Minerals in Other Bodies. 

It has been known for a long time that perfect crystals of 
minerals, such as quartz, for instance, may he formed in soft 
rocks such as shale, limestone, clay, etc ; but concerning their 
exact mode ol' formation there has been considerable difibrence 
of opinion. Probably the prevailing view, some 20 years ago, 
was lliai the growing crystal had, by means of its force of 
crystallization, pushed apart the surrounding mass This was 
indeed the opinion of von Groddeck, who declaresf that the 
ibrmalion of a completely developed crystal in a solid, rigid 
mass iH not possible. Apparent exceptions, such as magnetite 
in chloritie schists, he considers as caused by development, 
while the rock was soft, under the influence of metamorphic 
agciicicR. There is no doubt good foundation for this view; 
for in magmas and solutions crystals may grow to perfect de- 
velopment, and if, for instance, a saturated solution of ferrous 
sulpluite is mixed with some neutral fine powder to a soft pulp, 
extremely clear and sharply developed crystals of this salt will 
separate out. 

But it has gradually become apparent that it is not necessary 
to assume complete permeation and softening of a rock by 
concentrated solutions, in order to account for secondarily- 
developed crystals. It is now well known that the secondary 
development of crystals in solid material is not only a possible 

U S Oeol Sunt , Folio 38, on Butte, Montana 
t Dis Lekevon den Lagerstatten dea Mze, Leipzig, 1879, p 68. 
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but an exceedingly common phenomenon, and that it may he 
caused by simple metasomatic replacement of the Harrouiuliiig 
material. 

The meehanieal force of crystallization probably co-opcraios, 
to some extent, "with the chemical agencies ol replacunieut ; 
and when the surrounding mass is thoroughly solteiicd and 
saturated hy the depositing solutions, the former force may lie 
alone active. The growing crystal may iiiclucle parts ol the 
surrounding rock, as is seen in Figs 3 and 4, representing cul- 
cite in quartz, and m Fig 27, showing uieliisions of Rcricite iii 
pyrite This is analogous to, but not identical with, the occur- 
rence of inclusions of flmd and glass in crystals separating out 
from solutions or magmas. It is not uncommon to iind now 
crystals of perfect development generated lu a gram of another 
substance, such as quartz or leldsi»ar, without any dislnrbanec 
of the optical orientation of the older minerals, such as uiirail- 
ingly would occur were the process simply one of iHOchiiuical 
force Ko doubt the exchange of substaiieo lalcos jilacc 
through the medium of a film of water, hut this is generally 
so exceedingly thm that the strongest powers of tlio micro- 
scope fail to reveal it. In many cases, however, tlio new min- 
eral begins to grow on the planes of small fractures, traversing 
the original mineral. Fluid inclusions accmnulato on this 
plane; and the first separation of the new mineral appears as 
little dots, closely connected with the inclusions. No donht 
the line between metasomatism and cavities of dissoliii.ion sub- 
seqiieutly filled is a very fine one, and difficult to draw in many 
eases ; but when intermediate cavities or subsequent iilliugs 
cannot be traced with the microscope, the procoss may ))c 
classed as metasomatic; and in the groat majority of caHosUiiH 
interpretation will he correct 

Secondary Alterahon of Veins. 

Under any given conditions, minerals tend to assume the 
forms most stable under those conditions. Since the conditioiiK 
prevailing during vein-formation are very difieroiit from thone 
prevailing afterwards, it may be inferred that the products of 
the first process might easily be changed. Such is indeed the 
case. We find many altered rocks which have evidently umb'r- 
goiie more than one change Especially near the surface, 
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nndor tlic iDiluenee of oxidizing waters, the minerals formed in 
the rocks along veins are apt to suffer great changes. Exam- 
ples are frequent, showing that the minerals which filled the 
open spaces along a vein have been completely dissolved and 
partly or wholly replaced hy others This is particularly true 
ol fillings oi cal cite or barite. Many instances are known in 
which large masses of these minerals have been completely dis- 
solved and replaced hy quartz. Such are the well-known de- 
posits of Schneeherg in Saxony, and those of the De Lamar 
mine in Owyhee comity, Idaho 

StTUctuve and Cowposition, of Metasomatic Vein-jRocks and their 
JRclahon to General Metam,orphsm. 

The aggregates replacing the original wall-rocks of veins 
show great variety of structure It is most common, perhaps, 
that the structure of the resulting rock is much finer than that 
of the primary As examples may he cited sihcification, which 
nearly always results in micro crystalline and cryptocrystalline 
aggregates, and sericitization, which generally results in a mass 
oi‘ very line tufted fibers This is not, however, a general rule ; 
because certain easily soluble minerals, when replacing others, 
produce a much coarser aggregate than that of the original 
rock Of such character, for instance, are the carbonates. 
(See Eig. 27.) Fluorite replacing limestone (see Fig. 14) is an- 
other instance of coarser grain shown by the secondary rock. 

As a general rule, the resulting minerals have, on the whole, 
a greater aggregate specific gravity than the original minerals. 
Muscovite, soricito, fluorite, the different carbonates, pyrite and 
otlicr sulphides (as well as topaz and tourmaline, so abundantly 
formed in tin-deposits) arc instances On the other hand, there 
are oxcopiioiis, such as the development of jasper oids and other 
quartzose rocks from limestone, in which case the resulting 
material has less specific gravity than the original. 

A handed structure of the altered rock may possibly, as men- 
tioned above (p. 590), result from replacement by sulphides in a 
sheared rock, in which the shear-planes are closely spaced , but 
this banding is not likely to be as well marked as the crnstifl- 
cation often caused hy the gradual filling of open spaces. From 
these two sorts of banding a third must be differentiated, 
namely, the typical “ ribbon-structure ” caused by shearing of 
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the already-formed vein, in connection with which a eecoinlary 
concentration of gold and sulphides may have taken place on 
the shear-planes — whence the richness ol vein-material ot'ten 
associated with this structure 

In no case, thus far, has any law of progressive alteration oi“ 
the country-rock of a vein been detected., which would enable 
us to say that the intensity of the process either increases or 
decreases from the surface down. Nor has any instance liecn 
shown in which the processes of alteration pormanciiily change 
with increasing depth. This does not exclude the tael that, oc- 
casionally a ditferent subordinate process of alteration may be 
introduced. It is known, for instance, that certain parts ot the 
rock near the vein may be locally silicified, altliougli the prin- 
cipal and prevailing process in depth, as well as near the sur- 
face, is of a totally different character. Thus, 8ilicilica,iioii and 
the formation of greisen may occur side hy side in eassiteritc 
veins, and sihcification and carbonatization in cinnabar veins. 

The metasomatic processes inwall-rocks of lissure-veins differ 
generally from those of regional (static and dyiiamui) metamor- 
pliism. In most eases oxides of iron and maiiganoao such as 
magnetite, hematite, ilmonite and pyrolusito, are absent as a 
primary development, and many silicates, exceedingly com- 
mon in static and dynamic mctamorphism are, as a rule, miss- 
ing in veins, Among these are ampbibole, biotite, garnet, cor- 
dierite, serpentine, ottrelite, and zoisitc. Chlorite and cpidote 
are confined to the vicinity of only one or two classes of veins. 
Albite, exceedingly common in regional metamorphiHiii, is not 
known as a metasomatic development in veins, though, like 
orthoclase, it may occur in the filling of open cavities. Mus- 
covite, calcite, quartz and pyrite arc common to both kinds of 
metamorphism. As compared with the products of eon tact- 
metamorphism, we note in metasomatic voiu-plienomena. a 
total absence of the pyroxenes, wollastonitc, staurolitc, eyanitc', 
andahisite, vesiivianite and garnet. Only two classes of veins 
are characterized by tourmaline, which is a frequently oeourring 
coutact-mineraL Again, as compared with the results of ordi- 
nary hydro-metamorphism, we note in the results of metaso- 
matic vein-action the scarcity of amphibole as well as of zeo- 
lites, except in one or two classes of veins, and also the rela- 
tively slight importance of chlorite and epidote. 
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The degree of hydration m altered vein-rocks is very mod- 
erate , and in some cases, as, for instance, in the change of ser- 
pentine to magnesite, there is a distinct dehydration Strongly 
hydrous minerals arc not common on iissure-veins. 

T have emphasized these ditferences, to show that the meta- 
somatic processes in veins cannot simply be identified with 
those that were active in the other phases of metasomatism 
mentioned. In the majority of cases, the vein-processes have a 
distinctive character of their own. 

PART n. 

Minerals Pevelopeu by Metasomatic Processes in Fissure- 
Veins. 

Quartz {mdudmg Chalcedonite and Opal ). — Though silicic acid 
is weak, and cannot under ordinary circumstances expel even 
carbonic acid from its compounds, it is easily deposited instead 
of other minerals, which are dissolved by more active reagents 
contained in the same waters Hence the frequency of quartz 
in the forms of other minerals. It would be erroneous to say, 
however, that silicification is a very common metasomatic pro- 
cess, even in veins containing quartz as a filling ; and very rarely 
is it the exclusive process in any given vein. It is most common 
in limestone and other easily soluble rocks, also in such por- 
ous rocks as sandstones, though here it is usually to be regarded 
rather as ceraentation. In rocks rich m silica, such as rhyolite 
or quartzite, the tendency to silicification (probably by reason of 
mass-action) is greater than in more basic rocks in the same 
district. 

Quartz replacing limestone along fissures is a common oc- 
currence. The process usually results in a microcrystalline or 
eryptocrystalline aggregate of interlocking grams, preserving 
the original structure, as shown in Fig. 1,'*' which represents a 
silieified limchtone from the Diadem lode, Plumas county. Cal., 
and shows the remaining outline of a foramiuiferal test. The 
development of the quartz is shown in Figs. 3 and 4,t represent- 


After H W. Turner, Jouinal of Geology, vol vii , No 4. 
j- The accompanying figures, with some exceptions noted in the list, were drawn 
by myself under the microscope, with camera lucida 
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ing rocks from Aspciij Colorado.* Small secondary graiiih or 
well-developed crystals appear in the limestones and, gradually- 
extending, finally produce an aggregate which, in this case, is 
somewhat coarser than in the rock from California Qiiartr^ 
crystals with double terminals may occur in metaaonialic rocks, 
hut are foreign to quartz, filling open cavities. Opal and chal- 
cedonite may occasionally also be present. The resulting fine- 
grained rocks, often stained brown or red, may, according to 
Mr. Spurr’s proposal, he called jasperoids. 

Dauhree describes heavy quartz veins, cutting through gran- 
ite and overlying sedimentary rocks, in the Central Plateau 
of France.f Besides quartz, these veins carry fiuorito, barite, 
caleite and galena. Agate and jasper in banded form are 
also frequently present From the same dcseni)tioi),| il 
appears that in some places, where these veins traverse lime- 
stone (Muschelkalh), there has been a very strong silicificalion 
of the enclosing rock, as is proved by meaua of the occur- 
rence of eriiioids in the compact quartz now forming part 
of the lode Another locality, also in the Yoagea, is men- 
tioned as showing a large deposit of fiuo-grained liorustone- 
like quartz, also containing barite and fluor-spar, and full of 
little geodes with projecting crystals of quartz. In this sili- 
ceous rock, silicified shells of amcula and pcctm have l)e(m 
found, showing its derivation from the surrounding lime- 
stone. The chemistry of the process is apparcmtly simplci: 
waters containing carbon dioxide and silica deposit the hitler, 
while simultaneously dissolving a corresponding proportion of 
ealcite 

In contrast to the fine-grained structure of jasperoids, quartz 
deposited in open spaces is usually characterized by coarse 
grains, the majority of which show partly developed crystal- 
faces Crystals developed at both torminals do not appear, 
though earlier-developed individuals, growing from soimi de- 
posit, are surrounded by later-developed grains. Fig. 2, which 
shows the normal structure of the quartz m the Oaliforiiia gold- 
veins, illustrates this occurrence. 


* Tlie thin sections from winch these figures were mado were kindly loaned to 
me by Mr J E Spurr 

t Daubi^o, Les Eaux Soutertames aux ilpoqim Anciennes, p 124 
1 Loc at , p 151 
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Quartz may further replace ortlioclase, as shown in Fig. 5, 
with piesorvation ot the crystal-form The ordinary course 
of alteration of the latter mineral is to quartz, serieite, or kao- 
linite, and potassic carbonate. In complete replacement by 
quartz, the alumina and potassa have been carried away, and 
the quartz has received a considerable addition. The process 
may also be explained as a complete replacement, by means of 
winch the ortlioclase, as such, has been removed, and quartz has 
been deposited In the same manner, soda-lime feldspars may 
be replaced by quartz, as well in phenocrysts as in the ground- 
mass Even the ferromagnesian silicates may suffer a similar 
change. A partial replacement of hornblende by quartz and 
chlorite (Fig G) is common. The ground-mass surrounding 
crystals of quartz in certain rhyolites (Silver City and De Lamar, 
Idaho) may be replaced by quartz, forming a secondary aureole 
around the primary crystal 

Under favorable and very exceptional circumstances, veinlets 
containing coarser quartz, simulating comb-quartz in structure, 
may be formed by replacement. Fig 7 represents a contact 
between chloritic basalt and silicified rhyolite, on which a small 
quartz vein is developing, the crystals replacing the ground- 
mass of the sihcihed rhyolite. Replacement of minerals by 
chalcedonite and opal instead of by quartz is less common. 
ISTear cinnabar veins, in California and elsewhere, serpentine, 
transformed into opal, with retention of the primary structure, 
has been observed. 

Ihitile and Anaiase — These minerals are common in meta- 
somatic vein-rocks, as secondary products after ilmenite, titan- 
ite, titanilerouB magnetite, biotite, etc. Rutile occurs in nearly 
every altered titaniferous rock; anatase (oetahedrite) has been 
found in the altered rocks of Freiberg (Stelzner),IIagyag (Koll- 
beek), Schwarzwald (Sandberger), and Silver Cliff (Cross) 
ISTeither titanite nor ilmenite appear to be stable under the in- 
fluence of vein-forming solutions. In several publicationst I 
have assumed that the milky white floeculent mass (leucoxene) 
which often results in vein-rocks from the alteration of titan- 
iferoiis minerals is titanite , but this assumption now appears to 

^ %HhAim Bept U S Geol Su7v , paxtiii 186 

t Ulh Am Bept Tf. S Geol Surv , part ii , p 276, et seq 17th Arm Bept 
(J. S Geol. Suru , part li , p 149, et seq 
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be incorreet. The substance is certainly free titanic aeid, as 
shown by the fact that no titanium is extracted by hydrocliloric 
acid, while the mineral is attacked by boiling sulphuric aend. 

Fluorite.— ThiB mineral may replace many others. It has gen- 
erally a purplish, unevenly distributed color, and sliows under all 
circumstances a strong tendency to crystal-development Its 
formation from limestone is illustrated in Fig 14, winch repre- 
sents the contact of one of the many small nodules of lluorile 
scattered in a limestone breccia from a mine in the Judith 
mountains, in Montana The sharp angles ol the cube will 
be seen projecting into tlie limestone, tbe latter contains 
many imperfect fossil shells, and some crystals ot secondaiy 
quartz. 

While the reaction involved in this process is not clearly es- 
tablished, it is probably a complete replacement, the more solu- 
ble ealeite being taken up by the waters and the loss soluble 
fluorite simultaneously deposited. 

Fluorite, together with quartz and j)yrite, is further foimied 
as a replacement-produet of orthoclase, as shown in Fig. 10, 
representing a feldspar grain from a breccia in the Indepoiideiute 
mine. Cripple Creek, Colo. The replacement of some of tlu‘ 
phonolite and fine-grained granite-andesito breccia from Crip- 
ple Creek has resulted in a large quantity of crystalline fluorite 
and quartz (Fig. 9). Wherever calcium silicates are pix'sent., 
and the waters contain sodic fluoride, the result will be sodic* 
silicate and calcic fluoride In this way the mineral may hi' 
formed by interchange of constituents f Alkaline lluorides 
and calcic fluorides may exist together in the same Hohition; 
hut alkaline carbonates decompose fluorite, yielding alkaline 
fluorides and calcic carbonate; hence fluorite cannot exist as 
such in waters containing alkaline carbonates. 

Ccdeite — This mineral and the allied niagiiesiaii and ferrous 
carbonates are exceedingly common in metasomatic vein-rocks, 
and their occurrence gives testimony of the energetic altering 
action of carbon dioxide and alkaline carbonates on nearly all 
silicates. The metasomatic calcite is of fine or coarse grain — 
the latter especially when replacing easily soluble minerals, 1 1 


^ Tills section was piepared for Mr "W II Weed, who kindly allowed me to 
use it I JBi&cliof, Ohm. Geol, Bonn, 1801, li , p. 96. 
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has very little tendency to crystallize, nearly always occurring 
in irregular grains 

Oalcite replaces quartz to a greater or less extent, though, m 
rocks containing also silicates like feldspars and hornblende, 
these niincrals arc hrst attacked, and the replacement of the 
quartz is usually onl;\ partial The quartz is evidently dis- 
solved hy waters containing alkaline carbonates, and a corre- 
sponding quantity of calcic carbonate, also dissolved in the 
water, is deposited in its place Under ordinary pressure and 
temperature, water does not dissolve quartz , but increase of 
either results in solution to some extent. The presence of car- 
bon dioxide alone does not promote the solubility. Uo pseudo- 
morphs of calcite after quartz are known — an evidence of the 
resistance of the latter mineral to solution. 

The replacement of quartz by calcite in granitic rocks is shown 
in Figs 13 and 15. The calcite, developed along cracks and 
■fissures, spreads and corrodes the original substance. Small 
masses of sometimes rhombohedral calcite project into the 
quartz Rounded and isolated bodies of calcite may also form 
on mclmed fracture-planes, by extension they finally join and 
form larger masses 

Orthoclase is likewise replaced by calcite in many granitic 
rocks adjoining veins. The process is similar to the replace- 
mont of quartz ; but the feldspars are much more easily soluble 
than quartz Chemically, the process, as already pointed out 
by liiscliof,” may be considered as simply due to the attack of 
waters containing calcic bicarbonate. The carbon dioxide of 
the latter alters the orthoclase, the resulting alkaline carbon- 
ates and silica are earned away ; just in what form the alumina 
is removed is not certain. In the majority of cases a simulta- 
neous formation of sericite occurs , so that the actual loss of 
Al^O,, may be very small. Even more easily effected is the re- 
placement of soda-lime feldspars by calcite , for here the orig- 
inal mineral contains one of the constituents of the result As 
is well known, andesine, labradorite and anorthite may be 
partly converted into calcite under the influence of ordinary cold 
waters containing carbon dioxide. 

In the same manner, it is common to find pyroxene, amphi- 


^ Ohem Oeol , ii , p 428. 



606 


METASOMATIC PKOCESSES IN FISSURE-VEINS. 


bole and biotite partly converted into calcite. In voin-formint; 
processes, tliese are usually the first minerals to sutler ironi 
the attack. The magnesia, alumina and ferrous oxide usually 
remain in the form of chlorite or other secondary silicates, 
though some of the magnesia and iron may also form (“ar- 
bonates. 

Magnesite and Dolomite — Small quantities of magnesian and 
ferrous carbonates nearly always combine with the newly 
formed calcite, but in many cases are of no special importance. 

A change of limestone to magnesite is not known as a vein- 
forming process. Dolomitization commonly occurs, however, 
in limestones adjoining f ssure-veins, as, for instance, described 
by Spurr’* at Aspen, Colorado. At this place, as the dolomit- 
ization proceeds irregularly from the fissures, tlio coarse calcite 
grains are broken up into smaller rhombohcdral crystals, of 
the yellowish tinge characteristic of dolomite The process is 
clearly one of metasomatic replacement, carried on by waters 
containing magnesic bicarbonate, or even chloride. The cor- 
rectness of this view has been shown by synthetical experi- 
ments, f 

Mr. Spurr shows convincingly that ordinary circulating sur- 
face-waters do not dolomitize the limestone which they traverse. 
The reagents which produced this dolomitization must have 
been more potent. Several hot springs in the vicinity of Aspen, 
Colorado, carry carbonates of lime and magnesia, and also a 
large amount of sodium chloride and magnesium chloride. 
These waters, as shown by analyses, have a distinct dolomitiz- 
ing influence on the adjoining limestone. The change is also 
accompanied by silicificatioii and fcrralion. 

Dolomitic carbonates may also partly replace albite, as shown 
by Mr. H. W. Turner in the case of a mineralized dike of 
albite rock from Tuolumne county, Cal. An accompanying al- 
most pure magnesite may possibly have resulted Irom the altera- 
tion of the adjoining serpentine. 

Magnesite and dolomitic carbonates are very apt to form from 
serpentine, as illustrated in the country-rock adjoining the Idaho 
vein, Grass Valley, Oal § The fine-grained sorpentinc is trans- 

* Monograph XXXI , Z7 S' Geol Smv , p 210 

•f Doelter, Allgemente Ghemisehe Geologie, Leipzig, 1900, p. 158. 

I Journal of Geology, vol. vii , No 4, p. 3 i3 
i W Lmdgren, llth Awn. Bept U S. Geol Surv., part ii , p 163. 
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formed into a coarse-grained magnesite, mixed with quartz and 
some residual serpentine (Fig 26). The composition of the al- 
tered rock is 

Per cent 


Magnesic carbonate, 

34 78 

Calcic caibonate, 

8.22 

Qnailz, . 

26 00 

Serpentine (with chlorite), 

31 00 


100 00 


The chemical action involves a substitution of CO, for SiO^; 
the latter being deposited in the rock. 

Sidente — This mineral is less common in altered rocks than 
the other carbonates. At Aspen, Colorado, Spurr mentions it 
as forming small rhombohedrons in silicitied limestone. In the 
lead-silver veins of Wood Fiver, Idaho, it replaces calcareous 
shales. In the lead-silver veins of Coeur d’Alene, Idaho, it 
replaces the clastic quartz of quartzite in the most energetic 
manner and abundant quantity (Figs 16 and 17). The sidente 
has strong tendency to crystal development; and the rhombo- 
hedral crystals often cut squarely across the quartz grains 
which they partly replace (Fig 18). To explain the chemistry 
of this process, wo must suppose waters exceedingly rich in al- 
kaline and ferrous carbonates and poor in silica SiO^ must be 
dissolved and FeCOj simultaneously deposited. 

Muscovite and Sencite — These two names practically signify 
the same mineral, though sericite is employed for the tine- 
graiiied or fibrous and tufted modifications, resulting from the 
replacement of other minerals Sericite is probably the most 
universal and abundant of all minerals forming in altered rocks 
near fissures. Only a few classes of ore-deposits, namely, those 
in limestone and those in recent volcanic rocks, involving pro- 
pylitic alteration, are comparatively free from it. A vast pro- 
portion of so-called “talc,” “clay” and “kaolin” is really 
sericite. 

Sericite forms from quartz in many rocks, though this action 
is less intense than in the case of the silicates. Foils and fibers 
of the secondary mineral may develop along cracks, or may in- 
trude, sharply defined, into the quartz, from the outside of the 
grain. Complete pseudomorphs after quartz are rare. A com- 
plex chemical action is probably involved, as sericite is practi- 
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cally insoluble A transportation of potash and alumina must 
be assumed, though in what form the latter oxide was in solu- 
tion is not clear The dissolved q^uarte may bo directly com- 
bined with these two constituents It is often observed that 
the replacement of the quartz is most active when, together 
with the sericite, calcitc is formed (Fig. 16). 

As is well known, sericite forms easily and abundantly Ironi 
orthoclase and microchne, the foils and fibers dovelojiing on 
cleavage-planes and cracks, until they invade the whole crys- 
tal The reaction may be chemically expressed as follows, 
water containing carbon dioxide being the only reagent neces- 
sary 

3 K: A1 S 13 Oe + H,0 + CO, = KI-I, Al, (SiO,)^ + 11,00, + OSiO,. 

This reaction is accompanied by a considerable reduction ot 
volume, the sericite occupying less than one-halt oi the original 
volume of the orthoclase. If SiO., separates as (piartz, the ag- 
gregate volume of the two secondary minerals shows a reduction 
of 13 per cent from the volume of the orthoclase. Very often, 
however, the quartz is carried away in solution, to bo deposited 
ill neighboring open spaces. Caleite is rrcquontly deposited 
together with sericite in the feldspar (Fig. 12). Though it is 
usually fine-grained, large foils may sometimes he formed. Fig, 
19 shows radial muscovite forming, together 'with kaolmiie from 
orthoclase, in the orthoclase of granite adjoining a fissure, in 
which thermal waters at the present time arc depositing a vein.* 

Sericite forms with equal ease from oligoclasc, andesiuc and 
lahradorite, as from orthoclase, and calcitc usually also ac<*om- 
panics it. This interesting fact was first described, I believe, by 
Bi 8 ehof,t who also furnished the chemical explanation. The 
potassic carbonate contained in the water clianges the sodic 
silicate into potassic silicate, which unites wuth the aluminum 
silicate to sericite This will result in a progressive elimina- 
tion of soda and introduction of potash. In the same maimer 
potassic carbonate decomposes calcic silicate, replacing lime 
with potash. Bischof gives an excellent illustration of this by 
describing the surface alteration of a knife of the “ stone ago,” 
originally made from some flinty rock. 

^ Kindly finmshed Ijv Mr. W. JH. Weed, 
t Kiscliof, 0/im.. Geol , 1 ., p 31, etseq, , also p. 44. 
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Even pyroxene and amphibole may alter to sericite, as is 
frequently shown in the metasomatic vein-rocks of California 
gold-quartz veins. The explanation is on the lines of the re- 
actions just described. The resulting sericite is often coarsely 
fibrous. 

Biotite alters very easily to coarse muscovite, with loss of 
magnesia and iron, and separation of rutile (Fig 27) 

An instance ol replacement of andalusite by muscovite is 
shown 111 Fig. 20 Few analyses are available, indicating the 
exact composition of the sericite contained in metasomatic 
vein-rocks ; but the satisfactory results obtained from the cal- 
culation of many rock-analyses on the basis of molecular ratio, 
closely corresponding to the composition given below, leave 
little room for doubt that the sericite is practically identical m 
composition with a normal muscovite 

Frof. Beck, of Freiberg, has had the kindness to give me an 
unpublished analysis, made by Br. H. Schulze, of a white mica, 
separated by Prof. Stelzner by heavy solutions from the altered 
country-rock adjoining the Dietrich Stehenden, Morgenstern 
Erbstolln, Ilimmelfahrt mine, Freiberg. This analysis is as 
follows 


SiO.„ 

TiO„ 

Sn(V 

AlA. 

Fe,p„ 

CaO, 

MgO, 

Kfi, 

Nap, 

11 , 0 , 


Per cent 
47 48 
trace 
0 02 
35 16 
1 92 
0 48 
1 11 
10 08 
0 41 
4 02 

100 68 


As minerals most closely related to muscovite, we may men- 
tion ziimwaldite, containing much fluor and lithia, which re- 
places feldspar in granite near cassiterite-veins ; also mariposite 
(fuchsite), containing chromium, which, with magnesite, ap- 
parently replaces serpentine and allied rocks at Nevada City, 
and on a much larger scale at many places along the Mother 
Lode of California 

JBiotite — ^Exceedingly common in the form of metamorphism, 
biotite appears but rarely lu fissure-veins. Beplacing horn- 
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blende and feldspars, it la found as small scales in veins carrying 
tourmaline (Meadow Lake, Cal.) , replacing tlic same minerals, 
it appears abundantly in the gold-copper veins ol llossland, 
B. C A greenish mica, probably biotite, occurs, reilaeing 
quartz, in small veinlets, associated with quartz, garnet, tour- 
maline, aetinohte and zinc-blende, in tlie Bunker Hill and bul- 
livaii mine, Idaho. Prof. Penrose reports secondary l)i()tiic 
forming in the Ocean Wave mine. Cripple Creek, Col Under 
the influence of waters containing carbon dioxide or alkaline 
carbonates, biotite is not stable 

Chlorite — This mineral, replacing amphibole, pyroxene and 
biotite, is commonly found in altered vein-rocks, but ordinarily 
it is only a transition-form, often abnormally ricdi in iron, which 
these minerals assume, under the influence of waters slightly 
charged with carbon-dioxide, before their flnal conversion into 
serieite and carbonates. The chlorite has the ordinary line 
fibrous character and shows a strong tendency to migrate into 
adjoining minerals. In the case of biotite, the conversion 
should normally result in chlorite, ferrous carbonate, jiotassic 
carbonate and silica, in that of amiihibolo or pyroxene, calcic 
carbonate may form beside chlorite. Pseiidomorpha of chlor- 
ite and quartz after hornblende are, in fact, very common 
(Fig. 6). The chloritic alteration is most important in the 
group of the propyhtic veins. Possibly, under the iiiflucuico of 
strong alkaline carbonates and carbon dioxide, chlorite can- 
not exist. G. P. Becker mentions chlorite as oiielosod in viun- 
quartz from some localities in the Southern Appalachians, and 
also in gold-quartz veins from FuntePs Bay and Admiralty 
Island, Alaska. I have described a similar occurrence in an 
abnormal vein, from Crown Point mine, Grass Valley, Gal. 
But, on the whole, it is not a common mineral in vein-lillings. 

Pyroxene and Amphibole . — Those minerals arc, as a rule, for- 
eign to fissure-veins, and entirely absent from gold- and silver- 
veins characterized by sericitic alteration. Amphibole has 
been noted in the filling of certain copper-veins. Home of 
these are more or less intimately connected with contacl-meta- 
morphism; others, like the copper-veins of liossland, B. C., 
have probably been formed under dynaimc-metamorpbic con- 
ditions. It occurs also in small veinlets of abnormal character, 
containing garnets, in the Bunker Hill and Sullivan lead-silver 
mine, Idaho. Rhodonite, a bisihcate of manganese allied to ])yr- 
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0X0110, (looH, liowevor, occur in many veins as part of the fill- 
ing (Pnitte, Montana, Real del Monte, Mexico, Kapnik, Hun- 
gary , Broken Hill, Australia). 

GccuicL Lhis mineral is very rare in fissure-veins, though 
common in dynamic and contact-metaniorphism. Mr S. ¥ 
Emmons' states that it replaces limestone at Clifton, Arizona, 
apparently as a part of the phenomena of mineralization As 
part of the tilling of gold-quartz veins, it is reported by G F. 
Bcckcr’l' trom several localities in the Southern Appalachians. 
The rcmarkablo occurrences of Broken Hill, H S. W , should 
bo mentioned here. From the extensive literature'!; it is 
apparent that opinions difter somewhat widely with regard to 
these interesting deposits. 

The deposits of the Barrier ranges near Broken Hill are 
probably fissure- veins, occurring in crystalline schists of various 
kinds, perhaps chiefly a garnet-gneiss Broken Hill Proprie- 
tary lies parallel to the schistosity, and may, according to 
some, he considered as a saddle-reef Other veins, such as the 
Broken Hill Consols, cut the schistosity in strike and dip. The 
ores arc galena, zinc-blcnclo and rich silver-oros The gangue 
ill tliG Jh’oprietary mine is chiefly garnet, with quartz, opal and 
rhodonite In the Consols and other veins, siderite and ealcite 
also appear, besides quartz and garnet If veins, as seems 
most probable, they represent a decidedly novel type The 
sulphides, to some extent, replace other minerals (See under 
Galena, below.) 

JEpidoie . — This mineral, so common in regions of static and 
dynamic metaniorphism, is not abundant in the altered rocks 
of flssure-vcins, or in the filling of open spaces When it 
occurs, it has a deej) yellow color, contains much iron and de- 
velops 111 irregular grains, or into radial hunches of imperfect 
crystals. It occurs chiefly in basic rocks containing labradorite 
and similar soda-lime feldspars, and may form pseudomorphs 
after ortlioclase, plagioelase, hornblende or augite In altered 
vciii-rocks, cpidote and muscovite rarely occur together. Bpi- 
dote contains much ferric oxide, and can hardly be formed 

^ Unpuhlished obseivations 
t 16 th Ann. Bept V S Geol Surv , part lii., p 276 

1 J. B. Jaquet, Mem. 5, Oeol Surv of N. S Wales, Sydney, 1894, George 
Smitli, Trans , xxvi , 69, 1896 ; E Beck, Zettschr f jnakt Oeol , Marck, 1899, etc 

VOL XXX —88 
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under strong reducing influences. It does, however, not lollow 
that it must have been formed under oxidizing conditiona ; ibr 
rocks ordinarily contain much ferric oxide, and pyrito has 
often been observed embedded in epidote JEpidotc is ioiind in 
the veins of Lake Superior which carry native copper; in sonic 
veins characterized by tourmaline (Fig* 21); and, finally, in the 
metasomatic rocks accompanying the propyhtic Tertiary gold- 
silver veins. 

Orthodase.—A.& a product of thermal alteration, ortlioclaso 
does not commonly appear, and has not hooii recognized 
until lately Closer search will probably reveal it in many 
altered rocks and vein-fillings of the propylitic typo. When 
forming, it has always a strong tendency to crystallize, and 
in thin sections usually appears with rhombic, sharply de- 
fined outlines The crystal form is similar to that oi’ adular, 
though the basal plane is small or entirely wanting ; the prisms 
and dome being the only prominent faces. For this variety, 
occurring in fissure-veins, the revival of the name of valencd- 
amte is suggested, proposed by Breithaupt for the mineral as 
occurring in the Valenciana silver-mine, d-uanfijiiatOjlVIox. En 
certain propylitic gold-silver veins (Silver City, Idaho ; La Va- 
leneiana, Mex.) valencianite is prominent as part of the filhug 
of open spaces. In the copper-hearing veins of Lfike Superior, 
ortboclase replaces prehnite, and is deposited on datolito, (talcite, 
analcite and quartz. In connection with the occurrence of adular 
at St. Oothard, this mineral is found on calcite. At Bergen 
Hill, UnT. J , the Mesozoic diabases are traversed by veins (1 to 4 
inches thick) of quartz and orthoclase, associated with various 
zeolites, galena, chalcopyritc and pyrite. At Cripple Creek, 
Colo., orthoclase is an important vein-mineral, occurring partly 
as a coating of cavities of dissolution in granite (Fig. 11), partly 
in metasomatic development after many minerals in granite- 
andesite breccia and phonolite. Orthoclase and caleilo liave 
apparently been formed together in certain motasoniatic rocks 
•from Cripple Creek, Colo. 

Orthoclase has been reproduced artificially by the action ol‘ 
potaesic silicate on muscovite at 500° C , hut it is evident from 
many occurrences that a much lower temperature is sufficient 
for its formation in fissure-veins. In the Silver City, Idaho, 
veins, for instance, the temperature cannot have been much 
higher than 100° 0, during the deposition of the mineral. 
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Albite. Though known as a vem-fillmg, together with q^uarte, 
at many places, for instance, in many California gold-quartz 
veins, this mineral has not been observed hitherto replacing other 
snbBtances In metasomatic rocks resulting from other meta- 
morphic processes it is, as is well known, very abundant. 

Jourmalme — This very complex silicate of aluminum, magne- 
sium, ferric iron and sodium contains also about 10 per cent, of 
boric acid, as well as a little combined water and fluorine In 
metasomatic development, it forms irregularly massed crystals, 
or single crystals impregnating the mother-mineral Its ten- 
dency to crystallization is very strongly marked It replaces 
orthoclaso and plagioclase, as well as quartz, but is not known 
to be formed from ferromagnesian minerals As shown in Fig. 
21, small almost perfect crystals may develop in the feldspathic 
substance, without disturbing its optical orientations Similar 
development in quartz is illustrated in Fig 23 In fine-grained 
elastic* rocks like slate, tourmaline may also form The only 
ocicnrring variety is black, usually showing dark brown and 
dirty blmsb or greenish colors in thin section Tourmaline 
often occurs in large masses ol small felted individuals, together 
with quartz, entirely replacing the original rock 

The mineral is confined to cassiterite-veins and to the allied 
group of the gold-copper-tourmaline veins It is not usually 
associated with carbonates, and the occurrence of siderite with 
tourmaline, described by von Fircks from Tasmania,-*' is there- 
fore of special interest 

Topaz . — This iluosihcate of aluminum, containing besides, 
according to the latest investigations, some chemically com- 
bined water, is confined to the cassiterite-veins. It usually ap- 
pears abundantly in the altered rock next to these veins, re- 
placing the leldspar and even the quartz, f as well as the 
groundmass of porphyntic rocks The new-formed topaz may 
appear in irregular grains, hut is often partly crystallized, and 
then appears in radial masses The formation of topaz from 
ortlioclase is analogous to kaohnization, silica and potassa being 
set free. Eat fluorine is also introduced, which points to 
another agent than carbon dioxide as active in this reaction. 
It has been artificially reproduced by the action of hydro- 


* Zsitseh. d d, geol Ges , Bd li,, p 443, 1899 


t Loc. at , p 444 
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fluosilicic acid on silica and alumina. Topax is not very stahU' 
It IS easily altered to kaolinite or sericitic minerals 

—The hydrous silicate of aluminum was formerl.y 
supposed to occur very extensively in altered vem-rociks , hut 
it has been shown that the larger part of the minerals (ionsid- 
ered as kaolinite or as ‘Hale” are reall}' sericite in fiiioly di- 
vided form. Kaolinite forms from orthoclase, albite or soda- 
lime feldspars, with liberation of silica, the reaction in tlie (irst 
case being expressed as follows 

6 (K A1 Si, O 3 ) -h 6H,0 -f 300, = 3 (II, Al, Si, 0„) + 

3K OO 3 + I 2 S 1 O 2 

Ferromagnesian silicates, and even quartz, may be converted 
into kaolinite, as is shown by the altered rock adjoining a n'- 
cent vein near Boulder, Montana. The mineral is nearly 
always in an extremely fine state of distribution , the aggre- 
gates have a very low bi-refracting power. Kaolinite and seri- 
cite may form together (Fig 19), as is also shown by the cal- 
culated composition of many altered rocks. Wherovor abun- 
dant carbonates form, metasomatically, together with seri oil c', 
kaolinite seems to be absent. It often occurs on cassitcrite- 
veins (though it is possible that the kaolinite may hero bo Him])ly 
a secondary alteration of topaz), further, together with seruntc*, 
in veins of the pyritic galena-formation of Freiberg, in some 
veins of propyhtic character, as at Cripple Crook, and in veins 
where the action of stronger reagents, such as sulphur it! add, 
seems probable (Summit District, Colo.,=*' Do Lamar, Tdabot). 
Kaolinite is formed most abundantly 111 the upper, oxidized 
zones of many ore-deposits 

Zeolites . — These hydrated minerals arc almost completely ab- 
sent from fissure-veins. Exceptions are the silver veins ol‘ An- 
dreasberg in the Ilartz, and Kongsberg in Korway, where many 
zeolites occur as vein-fillmg with quartz and calcite. As nuda- 
somatic minerals, they occur in the Lake Superior copper-veins 
replacing feldspars and other minerals. Daubreo has dosenbed 
zeolites forming in old bricks at Plombikes, by the action of 
thermal waters ascending on a vein which docs not contain any 

* jR C Hills, Ft oe Colorado Sa Soe , vol i , pp 20-36. 

t W Lindgren, 2,QthAnn Eept XJ S Oeol Surv , partnl, pp. 171, 172. 
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ol tliese minerals W. H. Weed finds stilbite with quartz as 
the filling of a recent vein bj ascending hot waters at Boulder, 
Montana The absence of the zeolites from veins is some- 
what difiiciilt to explain, as it is well known that many of them 
may be formed at very widely differing pressures and tempera- 
tures Very slight modifications of condition may result in the 
formation of hydrous or anhydrous minerals Thus, for in- 
stance, Friodel and Sarasin*" found that when a solution of sili- 
cate of sodium mixed with silicate of aluminum, in proportions 
required to form albite, was heated to 500° C. in a closed 
tube, analcite was formed. When excess of the alkaline silicate 
was used, albite resulted 

P}jnt (\ — Of all the sulphides occurring as metasomatic min- 
erals pyrite is naturally the most common In most fissure- 
veins, it impregnates the adjoining rock in varying amounts, 
even if the alteration in other respects has not progressed far. 
The mineral has a remarkable tendency to crystallization when 
developing in the rock, as contrasted with its often massive 
texture when occurring as a filling of open spaces. The forms 
assumed are either cubes or pentagonal dodecahedrons, or a 
combination of both. 

Pyrite develops in nearly every one of the ordinary con- 
siitueni.K of rocks. By preference, it forms in the new aggre- 
gates of scricitc, carbonates and chlorite so common m altered 
rocks , but it also occurs in the fresh original minerals of the 
rooks, as in quartz, feldspar, hornhlonde and pyroxene. It is also 
abundant in calcareous shales adjoining veins It is common 
to find small, sharp crystals embedded, for instance, in perfectly 
clear quartz grams, which show no break m their optical orienta- 
tion around the secondary crystal, proving that the genesis is hy 
purely metasomatic processes, and not, as may he advocated in 
the case of crystallization m soft aggregates, by the mechanical 
pressure of the growing crystal On the other hand, the devel- 
opment of a larger crystal iii quartz or feldspar will often pro- 
duce a hreakmg-up of the grains as an optical unity, and the 
substitution for it of an interlocking aggregate of smaller 
grams. To what force this is due is not certain ; there are 
usually no indications of direct pressure from the growing 
crystal. 

* Oomptes lendus, Acad des S<yk , Pans, July, 1883, vol scvii , p 291 
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The pyrite crystals are often bordered by a small nm ol <;al- 
cite or qaartz; and little bundles of sericitic hbors may a<lherc 
to them, when forming m quartz. On the whole, the pyritc 
seems to obtain some, if not all, of its iron from the lorro-niag- 
nesiaii minerals, rather than from the magnetite and titaniler- 
ous ores, which appear to alter to carbonates and i ntile 

Marcasite . — In metasomatic development, this mineral ih rare, 
though it has been observed accompanied with kaolin, at Do 
Lamar, Idaho, as the result of the hydrothermal altcralaoii of 
rhyolite It is always crystallized, and the individuals com- 
bine to arborescent forms. 

Chalcopynte —This mineral is not common in the mctasomalic 
rocks of gold- and silver-veins, hut it forms ahiiiulaiitly m ci'r- 
tain replacement-veins, such as those of Butte, Mont , and Kohs- 
land, B. G. In such cases, it may replace any of the ordinary 
rock-forming minerals. It forms in irregular masses, is rarely 
crystallized, and is frequently accompanied by a narrow lining 
of chlorite. 

Arsenopyrite , — Like pyrite, arsenopyrite nearly always (ortns 
ill crystals, these show the simple combination ol rhombi(‘ 
prisms and striated dome, and may also replace any of the rock- 
forming minerals Next to pyrite it is the most common sul- 
phide in the altered rocks adjoining veins 

Pyrrhotite . — This mineral is not abundant either in voin-lill- 
ing or in metasomatic rocks. Indeed, in many clasRGs ol veins 
it is entirely absent ; and if it happens to be present in the 
rock close to the vein, it may suffer alteration to pyrite under 
the influence of the vem-forming agencies. f As a product of 
replacement of feldspar and ferro-magiiesiaii silicates, it oe.ours 
in the Eossland veins of British Columbia, aBSocaatod with 
chalcopynte The conditions governing the formation of 
pyrrhotite are not fully known. It has been artiiicially repro- 
duced, but not under conditions which seem analogous to those 
of nature At any rate, the mineral can only he formed under 
very strongly reducing influences. 

Qalem — By preference, galena replaces calcilo and dolomite. 
Hence the great abundance of metasomatic galeiia-dcpoBits in 


^ 20th Ann. Bept. U S. GeoL Surv , part lii., p. 1G9. 
t nth Ann Ee.pt U. S Geol Surv , part ii., p. 147. 
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limestone, calcareous shale and similar rocks. In crystalline 
igneous or metamorphic rocks, it is not abundant as a metaso- 
matic product But it may replace other minerals, especially 
quartz Metasomatic galena scarcely ever appears in crystal- 
line form, but often forms wiry, extremely irregular masses, Fig. 
25 shows its appearance in primary quartz of a quartz-diorite. 
It only occurs in quartz which is completely filled with fluid in- 
clusions , and its growth begins as little knots and particles, 
dotted over any given plane of fluid inclusions These dots, 
of which some are shown in the figure, finally appear to have 
united to larger masses The quartz grain in which the galena 
occurs IS partly broken up into new quartz aggregates Galena 
replacing quartz in quartzite from lllorthern Idaho is shown in 
Fig. 16 Gradually extending, the galena unites to larger 
masses, as illustrated in Fig. 17 

The replacement of calcite by galena is illustrated by Fig. 
29, representing part of a section from the Elkhorn mine, 
Montana, which Mr. W H Weed kindly put at my disposal. 
The rock, a crystalline limestone, apparently free from organic 
matter, contains small, partly idiomorphic quartz grains, scat- 
tered among the larger grains, and also many small veinlets of 
secondary quartz There is thus at least an incipient silicifica- 
tioii accompanying the formation of the galena. In the little 
quartz veins and throughout the rock are small, sharply defined 
pentagonal dodecahedrons of pyrite, nearly always connected 
with small quartz grains The galena appears in several 
smaller grains closely intergrown with pyrite ; also in larger 
masses surrounded by a narrow rim of pyrite, and by clusters 
of small secondary grains and crystals of quartz The galena 
is not clearly crystallized, hut appears in small, solid masses, 
developing along the cleavage planes of calcite so that rhomho- 
hedral grains of the latter may he almost surrounded by galena. 

Concerning the chemical reactions involved in the replace- 
ment by galena opinions differ Some think that the slightly 
soluble sulphate of lead is reduced from solutions by organic 
matter — and adduce as confinmation the universal occurrence 
of galena in limestone or other sedimentary rocks, presumably 
containing organic matter. Another view is that, the sulphide 
of lead being soluble to a considerable extent in water contain- 
ing sodic sulphide (Doelter), a simple precipitation from solu- 
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tion has taken place, dependent on the simnltancous solution of 
limestone and separation of silica 

For most cases I would be inclined to the latter view, since 
the small quantity of organic matter available, for instance in 
the Elkhorn limestone or in the Co3ur d’Alene quartzite, 
seems utterly insutficient to reduce such lar^oe masses of 
galena as are found at these localities. Besides, silver-load 
veins may occur in the same districts in very different rocks. 
Thus, for instance, in the "Wood Kiver region, Idaho, they are 
found not only in the limestone but also in granite, whicii cer- 
tainly does not contain organic substances 

In this connection should be mentioned the repla(;ement of 
rhodonite by galena and zinc-blende, described and hgured from 
Broken Hill, Australia, by Prof B. Beck From the same loiuil- 
ity Mr Jaquet described and figured galena replacmg ortho- 
clase , and a silver mineral, probably argentite, replacing gar- 
net, and perhaps quartz, in a garnet schist 

Zinc-hlendc, and Other Sidphdes — In metasoinatic occiurrenco 
zinc-blende is extremely similar to galena It is usually found 
as irregular grains, replacing limestone, quartzite (Fig. 17), 
and many minerals in igneous rocks. 

Much additional material might be quoted regarding the re- 
placement of rocks by other sulphides; the literature on the 
subject should be used, however, with care, since critical 
studies of the modes of replacement are very few, and some 
statements are simply based on casual inspection with th(‘ 
naked eye. 

Many other sulphides are undoubtedly formed by motaso- 
matic replacement. Bnargite, for instance, is noted f)y Em- 
mons* as replacement thus present in the altered veiu-rocle of 
Butte, Mont. 

Tellundes — Tellurides of gold and silver are found at Cb’ip- 
ple Creek and elsewhere, under circumstances indicating rneta- 
somatic deposition. 

Native Copper. — This metal replaces many ramerals. Ac.- 
cording to PumpGlly,t it replaces feldspar and various zeolites 
in the Lake Superior amygdaloids; and most of the largo 
masses of copper there found are believed to bo metasomatic. 

^ U. S Oeol Swv , Folio 38 
t Oeol Sun Mich , vol i , pari il, p 19, ei scq. 
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(xold and Silver . — ^Native gold and silver are likewise impor- 
tant results of replacement in many veins. It is well known 
that masses of these metals are occasionally found in the 
country-rock away from the fissure , and these occurrences are 
probably to be interpreted as metasomatic, though the process 
has not been followed in its details 

Gold is also often contained in the replacing pyrite and other 
sulphides, and free gold can be obtained by panning from cer- 
tain kinds of altered vein-roek But caution should always be 
observed in stating such observations I have known instances 
of sup]iosed replacement where, in fact, all the value was de- 
rived from the filling of minute fissures and cracks. 

Resistant Minerals. 

Among the minerals which yield not at all or only with dif- 
ficulty to metasomatic influences are apatite, muscovite, zircon 
and chromite The resistance of apatite is very remarkable ; 
for according to R Muller* apatite is soluble with comparative 
case in water containing carbon-dioxide 

PART in 

The Fissure-Yeins Classified According to Metasomatic 
Processes 

Under this head, I suggest fourteen classes of fissure-veins, 
each usually characterized by its own distinctive metasomatic 
process These fourteen divisions are not ofllered as a per- 
manent classif cation, though most of them are sharply defined. 
The principle is not unqualifiedly good for a genetic classifica- 
tion, for the reason that the same waters may cause a diftereiit 
metasomatic development in difiPerent rocks 

The list, in each title of which the first word indicates the 
predominant metasomatic mineral or jirocess, is as follows 1 
Topaz-cassitente veins; 2. Scapolite-apatite veins, 3 Tour- 
malinic gold-copper veins, 4. Biotitic gold-copper veins, 5 
Propylitic gold- and silver-veins; 6. Fluoritic gold-tellnrium 
veins , 7. Sericitic and kaolinic gold- and silver-veins , 8 Seri- 
citic and ealcitic gold- and silver-veins, 9. Silicic and calcitic 
quicksilver-veins ; 10. Sericitic copper-silver veins ; 11. Silicic 


Tsch. Mm Mitt , p 25, 1,877 
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and dolomitic silver-lead veins, 12 Sideritic silver-lead voiiis ; 
18 8ericitic silver-lead veins; 14. Zeolitic copper- and Rilvor- 
veins. 

1 Topaz-Cassitente Veins. 

This sharply defined class is characterized by exceedingly 
strong metasomatic action, with flnorine as mineralizing tigent, 
resulting in often coarse-grained, altered rocks, containing 
topaz and sometimes tourmaline, besides an often consideiahle 
percentage of cassiterite. 

The cassiterite-yeins are characterized by their occurrence in 
connection with intrusive igneous rocks, and hy the pneuinaio- 
lytic change of the country-rock to greisen, a granular rock 
consisting chiefly of quartz, topaz and white mica, usually con- 
taining fiuorand lithia Tourmaline and cassiterite are usually 
accessory constituents of this rock. The feldspar and the 
brown mica of the original rock are destroyed, and the min- 
erals mentioned above are added. Topaz often forms psoiido- 
morphs after quartz, cassiterite, tourmaline and topaz, alter 
feldspar. The alteration of the country-rock vanes somewhat, 
m chemical aspects, hut is distinguished hy strongly marked 
transportation of substance. 

Ill the granular greisen, the new minerals appear as indi- 
viduals of considerable extent and optical continuity, perhaps 
indicating that the processes by which it was formed wore 
more active and energetic than those producing the aggregate 
structure commonly found in altered vein-rocks. The minerals 
found in the metasomatic wall-rock appear also in the fissuros 
themselves; hence the same chemical process must have boon 
active m both. Other rocks, such as gneiss, quartz-porphyry 
and rhyolite, show similar alteration, though tin-deposits do 
not so commonly occur in them. A notable feature of tbo cas- 
siterite-veins is the occurrence of apatite, a mineral generally 
unknown in fissure-veins. Under ordinary circumstanccB, in 
altered vein-rocks, apatite is the last mineral to remain fresh, 
after all other primary minerals have been destroyed. 

Vogt’s explanation* of the genesis of cassiteritc-voius and 
the alteration of their wall-rocks follows closely the previously 
expressed views of Blie de Beaumont, Uauhr^e, Le Neve Bos- 


* J H L Vogt, Zeitsck) f praht Oeoloffie, 1896, p. 146. 



METASOMATIC PROCESSES IN EISSURB-VBINS 


621 


ter and Dalmer. He assumes that they were formed imme- 
diately after, or even during, the granitic eruptions, and, fur- 
ther, that the mineral solutions originated hy the action of 
hydrofluoric acid and hydrochloric acid on the magma, still 
entirely or partly in igneous fusion By means of these, fluor- 
ides of silicon, tin, boron and lithium were extracted, as well 
as phosphoric acid. These solutions took place under pneu- 
matolytic conditions, that is, the “critical point”* had been 
passed and the substances were piesent in a gaseous state in 
spite of the high pressure. These extracts in gaseous state 
ascended on the previously formed fissures and strongly at- 
tacked the adjoining country-rock, changing it to greisen by 
means of replacement by minerals containing fluorine and 
other mineralizing agents Difierent rocks were, perhaps, not 
atfccted exactly in the same way For instance, the altered 
product resulting from schists is not quite similar to that re- 
sulting from granite, this being possibly due to the fact that 
the schists were not heated to such a degree as was the granite 
Willie the formation of the greisen took place after the con- 
solidation of the rock, as is evidenced by the fact that fissures 
could form in it, still it is believed that the temperature must 
have been very high, and, in fact, that the lower masses of the 
granite wore not yet consolidated 

AUenbercj mid Zinnwald, Saxony , — The tin-deposits of Alten- 
berg and Zinnwald, in Saxony, have been lately investigated 
by K. Halmer.f The cassiterite-deposits of Altenberg consist, 
as is well known, of a number of ore-fissures which sometimes 
carry a notable amount of quartz, mica and topaz, as well as 
cassiterite. Over a considerable area traversed by these vein- 
lets appears a greisen, locally called zwittery which Mr. Dal- 
mer shows to have resulted unquestionably from the metaso- 
matic alteration of the granite The process consisted of a re- 
placement of feldspar, principally orthoclase, by topaz contain- 
ing lithium and fluorine. The beginnmg of the process is often 


Tlie critical temperature for water is -|- 365° C at a pressure of 200 atmos- 
pheres Foi most other substances the critical point is passed below this tem- 
perature and pressure It is, perhaps, not needless to state that the passing of the 
critical temperature does not mean that the substances are dissociated. 

t Mlauterungen zur Geohgiselien ^emdlarte des Komgreiehs Sachsen, Section “Al- 
tenberg-Zinnwald,” Leipzig, 1890 
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visible, small strings of aggregates of mica and to])az ])ervad 
ing the feldspar. These strings repeatedly cross eiicli other, 
and by extension of the mineral individuals complete re])lace- 
ment is attained. The greiseii consists of quartz, 50 28 , topaz, 
12.14, mica, 36.80, and cassiterite, 0 43, total, 90.65 ])er cent. 

Dr. Dalmer has calculated the composition of the rock Irom 
these percentages, and obtained a result which closely agrees 
with the old analysis of the same rock by Rube, quoted in 
Cotta’s Gangstudien The following table shows the resiill., I 
being the fresh granite and II the altered product . 



I 

II 


For Cent 

Per Cent 

SiOs, 

74 68 

70 41 

TlOa, 

0 71 

0 49 

SnO„ . 

0 09 

0.49’* 

AI2O3, 

12 73 

148(5 

Fe 203 , 


1.42 

FeO, 

3 00 

5 09 

CuO, 

0 60 


MnO, 


0.29 

CaO, 

0 09 

0.21 

MgO, . 

0 35 

0 09 

K 2 O, 

4 64 

3 01 

NajO -f L 12 O, 

1.64 

0.98 

FI, 


310 

H2O, 

1 17 



99 50 

100.44 


From these two analyses it is clear that the formation of 
greisen does not by any means involve sihcilication Pal- 
mer concludes that the principal changes consistod in the addi- 
tion of ReO, FI, SnO^, and possibly AhOj, while K^, JSfa/) and 
SiOj have been subtracted. In the absence of liirther knowl- 
edge of the relations of volume during the alteration, it. is 
scarcely possible to conclude from the comparison of these 
analyses alone what the actual changes have been. The de- 
termination of specific gravities of the rocks would probably 
help to obtain a clearer insight in regard to this matter. This 
much is evident, that the mineral aggregate of the granite has 
changed to a new aggregate of greater density. 

It will be observed that the second analysis contains no water. 
This has probably been unintentionally omitted, as it must 

^ As cassiterite, 0 43, in mica, chemically combined, 0.00, 
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surely be present, being contained, chemically combined, both 
in topaz and in the lithium-mica. 

In view of the fact that in this alteration not only the potas- 
sinm-aliimiiium silicate, muscovite, but also the pure aluminum 
liuo-silicate or topaz appears, it is interesting to note that meta- 
somatic kaolin is undoubtedly present in cassiterite-veins 
Pseiidomorphs of it after topaz have been frequently observed, 
and it is often stated that “ steinmark ” is present in the veins , 
this being really only a synonym for kaolin Daubree long ago 
called attention to the connection of kaolin with cassiterite- 
voins. 

In several places the alteration of the granite and the adjoin- 
ing porphyry is of a radically diiSerent character, and consists in 
a complete silicification While this is not the normal process, 
yet it appears fairly common, and must be taken into considera- 
tion in attempting to explain the genesis of these veins 

Mt. Bischoff, Tasmania The rocks of the tin-deposits of Mt. 
Bischolf, 111 Tasmania, have lately been described by W. von 
Fircks,'’' who devotes considerable space to the alteration which 
they have suftered. The tin-deposits appear in an area of 
quartzites and clay-slates with dikes of quartz-porphyry. 
Granite is present some distance from the mines. The de- 
posits are in part lissure-veins carrying cassiterite, pyrite, 
arsenopyrite, fluorite, wolframite, tourmaline and sidente. 
The latter mineral is notable, because not usually present in 
veins of this character Another part of the deposits is formed 
by replacement, chiefly of porphyry dikes. All rocks in the 
vicinity of the mines are much altered The schists and slates 
contain much tourmaline, and are in part changed to typical 
tourmahri-fels by complete replacement, only a few grains of 
the original rock remaining Besides the tourmaline, some 
siderite also appears, vdiile topaz is present in but small quan- 
tity. These altered schists contain cassiterite (rare), and also 
pyrite, arsenopyrite, pyrrhotite, fluorite, calcite, siderite and 
pyrophyllite as metasomatic products. The tourmalinization 
begins with the appearance of needles and bunches of crystals of 
tourmaline traversing fresh quartz grains, as shown in Fig. 23. 
These tourmaline crystals, by further growth, finally replace the 


Zeitschr d d geol Ges,, Bd h , p 433, 1899 
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quartz altogether. Aceording to the description, the lissuro- 
veins mast have been produced partly, at least, by proccssos of 
filling Where they traverse the schists, their walls show im- 
pregnation of ores and the development of a great quantity oi‘ 
sericite. Sometimes, it should be added, the wall-rocks are 
completely silicified. Of greatest interest arc the quartz-por- 
phyry dikes and their alteration-products The principal sec- 
ondary mineral in these dikes is topaz, while tourmaline is 
only of subordinate importance The groundrnass of ilic por- 
phyry IS changed to aggregates of topaz and quartz. The 
quartz phenoerysts are usually intact, while the feldspars arc 
often completely replaced with cassitente, pyritc, pyrrhof-ite, 
arsenopyrite and fl.uorite, as shown in Fig. 22 In the final 
product, the feldspar and mica have disappeared comi)loiely, 
the zircon being, besides quartz, the only mineral which has 
withstood the inetasomatic influences Here again sidorite ap- 
pears occasionally, seemingly of simultaneous iormaiion witli 
the other metasomatic constituents There is, as sliowii by the 
author, a great similarity between the metasomatic action in 
these deposits and that described from the vidmiy of iSchneek- 
enstein, in Saxon}^ by Mr. M Scliroeder.'* 

Hone of the rocks from Tasmania can well be designated as 
“ greisen — a name which ought to be reserved for the granu- 
lar alteration-products of granite consisting of quartz, lithioii- 
mica, topaz and cassitente. Here again, as at Alton berg, wc’ 
find occasionally, seemingly as an exception, a change in the 
metasomatic processes resulting in complete sihciiication of the 
wall-rock 

Prof E. Beckf has discussed the tin-ore deposits from Banca 
and Billiton, in referring to the work of Mr Verbeck on thc^ 
same subject. It has been shown by Prof 01. Winkler ihiit 
many granites and rocks allied to hornfels contain a Hinall amount 
(from 0.01 to 0 07 per cent ) of oxide of tin. This is not ciissit- 
erite, but appears to be chemically combined witli Hilicates, 
partially replacing -QiOj. Sandberger had, indeed, also shown 
long ago the presence of tm in certain muscovites from dificrent 
places ill Europe Another very interesting fact shown by Mr. 


Mtheut « Geol Sp Rarte des Komejr Sadism, Xjeipzig, 1885, Section 
‘'Sclineckeiistein " f Zevtsch f prakL Geoloqie^ 1898, p, 121. 
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Verbeek is a stanniferous siliceous sinter, deposited at a hot 
spring in Malacca This sinter contains, according to an 
analysis by St Meunier, SiO„ 91.8, SnO„ 0 5, Fe,0„ 0 2, and 
lip, 7 5 per cent. 

This observation possesses the greatest importance for our 
knowledge of tin-deposits, as it shows that the metal may be 
held in solution and deposited at ordinary pressure by thermal 
waters Prof. Beck shows the presence of primary cassiterite 
in some granites from the same locality, and also points out 
that the veins are practically identical with tin-deposits from 
other parts of the world, being characterized by an often strong 
alteration of the adjoining country-rock, converting it into 
typical greison The feldspar is replaced by topaz, cassiterite 
and muscovite The typical greisen is illustrated in Pig 24, 
copied from Prof Beck’s article. 

2 Seapohie- Apatite Veins 

This interesting group of veins has lately been described m 
detail by Prof. Vogt * It is characterized by some most re- 
markable features, closely relating it on one hand to the group 
of the cassiterite-vems, but showing, on the other hand, strong 
relationships with the pegmatite-veins, formed under pneu- 
matolytic conditions and exceedingly high temperature and 
pressure The structural features of scapolite-apatite veins are 
not those of fissure-veins, as they chiefly follow contraction- 
joints (in gabbro). Indeed, this may be said to some extent of 
casBiterite-veins ; but the latter often also follow strong, well- 
defliied Assures. At any rate, it seems probable that the apatite- 
veins were formed almost simultaneously with, or very closely 
following, the solidiflcation of the magma. 

The characteristic minerals are apatite, phosphates, rutile, 
pyrrhotite, specularite, enstatite, scapolite, hornblende and 
malacolite, many of which are absolutely foreign to ordinary 
Assure-veins A most characteristic feature is the presence of 
chlorine (in apatite and scapolite), just as fluorine persistently 
appears in cassiterite-veins In the gabbro adjoining the vein- 
Alling, the labradorite is usually altered to scapolite, and the 
diallage to hornblende. This alteration is explained [loc. cit , 
p. 456) as a saturation of the country-rock under high pressure 

* J H. L. Vogt, Zeitschr f prakt Geol , 1896, p 367 
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by tlie sodium ebloride which acted as a mineralizing agent, 
during the formation of the veins. 

3. Tourmahme Groldr Copper Veins. 

In the type of veins distinguished by a gangue ol tournuihnc 
and quartz the country-rock is generally subject to st.rong 
inetasomatic changes The veimforming agents, which con- 
tained boron aud some fluorine, appear to have a1ta(;ked the 
adjoining rock strongly, and caused a more or less coniphd.e 
metasomatie conversion into tourmaline. Yon Groddc(;k* lias 
described an occurrence of this kind from Tainaya, Chile, in 
which veins containing copper-ores cut gabbro and porpliy rites. 
The tourmaline is here not only present in the lillnig ol t.he fis- 
sure but is also distributed through the adjoining coiintry-roek 
A further contribution to the knowledge of veins carrying tour- 
maline was given by A. W. Stelznerf in his deROri]itiou ol o(*- 
currences of this kind from Chile. The rocks examined, from 
the mining district of Las Condos, 90 miles east of Wauiiago, 
consist of granite and greenish porphyritic rocks, which tlic 
author is inclined to consider as altered andesites. The vein- 
filling IS pyrite, chalcopyrite, quartz and a loose porous mass 
of tourmaline needles. By a specific-gravity separation of the 
latter, Stelzner obtained, as a residue, zircon in well-developed 
crystals, as well as specularitc and anatase. The zircon is 
probably developed under the influence of the vein-tbriuing so- 
lutions, the anatase and specularitc quite certainly so. Again 
the fact 18 emphasized that the adjoining country-rock is 
bleached and filled with pyrite and tourmaline. 

Dr. B. Hussakt has recently described the aunfcroiiH quaj’lz- 
vem of Passagem, in Minas Goraes, Brazil. This vein, which 
lies, parallel to the stratification, between mica schist and iUihi- 
rite (liematite-mica-sehist), shows a filling of quartz, tourmaline, 
and arsenopyrite, with smaller quantities of pyrite and |)yrrho- 
tite The arsenopyrite is strongly auriferous. A very inter- 
esting feature is the occurrence of zircon and monazito in th(‘ 
ore, formed apparently simultaneously with it. Hero, loo, the 
tourmaline is present in the adjoining country-rock. Musco- 


* Zeitsehr d d geol Oes , 39, 1887, p. 237 
t Posthumously published in Zedsekuf. prakt Oeologie, 1897, p. 41 
t Zeitschr.f paht Geologie, 1898, p. si). 



METASOMATIC PROCESSES IN FISSURE-VEINS. 



Silicilied Calcareous Shale with Outline of Foraminiferal Test. Diadem lodcj 
Plumas county, Cal. ( After IT. W. Turner. ) Crossed ni cols. All quartz. Mag' 
nified 29 diameters. 
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Fig. 3. 



IncipientjSilicification of Limestone. Aspen, Colo. White aruiis vepi’eseat i|niU’fc/, 
crystals with small inclusions of limestone. Maffnilied 30 diameters. 

Fig. 4. 



Silicified Limestone ("Jasperoid”). Aspen, Colo. Crossed nicols. All iiiuvrt/.. 
Small inclusions of calcite in some of the grains. Magnilied 30 diameters. 
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Fig. 5. 



Incipient Silicification of Ortlioclase Crystal in Rhyolite. Silver City, Idaho, 
Crossed nicpls. a, Ortlioclase ; b, secondary quartz ; c, sericite. Magnified 34 
diameters. 

Fig. 6. 



Hornblende Crystal with Partial Chloritization and Silicification ; in Propylitic 
Andesite. Virginia City, Nevada. (After G. F. Becker. ) White, quartz and 
calcite ; grey, chlorite ; dark grey, hornblende. Magnified 70 diameters. 


Fig. 7. 



Bishop vein, Silver City, Idaho. Magnified 11 diameters. 
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Fm. 8. 



Filled Veinlet in Andesite Breccia. Independence mine, Cripple Creek, (kilo, 
g, Quartz; o, valencianite forthoclase) ; p, pyrite ; /, fluorite; //, ground-mass 
of breccia. Fluorite and pyrite partly replacing ground-mass. Magnilied 11 
diameters. 


Fio. 9. 



Fluorite Cre, .Replacing Phonolite. Portland mine. Cripple Creek, Colo, p, Py- 
rite ; q, cpiartz, coarser and finer grains ; f, fluorite. Magnified 50 (liarntiters. 
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Fig. 10. 



Orthoclase Grain (o) in Granite Andesite Breccia, Partly Eeplaced by Quartz (q ) ; 
Fluorite (/); Pyrite (p) ; Sericite (s) ; Ground-Mass of Breccia {g). Inde- 
pendence mine, Cripple Creek, Colo. Magnified 60 diameters. 


Fig. 11. 



Filled;'Space of Dissolution in Granite. ‘ ‘ Granite Ore, ’ ’ Independence mine, Crip- 
ple Creek, Colo, o, Orthoclase of granite ; m, biotite, converted into valen- 
cianite and pyrite ; v, valencianite (secondary orthoclase) , showing crustification ; 
q, quartz. Magnified 20 diameters. 
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Fig. 12. 


Andesine Crystal in Granodiorite, Eeplaced by Sericitp and CMlcito, IMnefreo 
vein, Ophir, Placer county, Cal. g, Quartz: ; m, muscovite ; e, ciileito ; a, seri- 
cite . Magnified 80 diameters. 



Fig. 13. 



Quartz Grain in Same Section, Partly Eeplaced by Calcite. q, Quartz ; r., calcito 
with some sericite replacing from outside ; also, secondary calcite grains form- 
ing on inclined fissure-plane in quartz. Magnified 80 diameters. 
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Fig. 14. 


Fluorite Eeplacing Limestone. Florence mine, Judith Mountains, Mont. /, Flu- 
orite ; i, limestone ; q, secondary quartz. Magnified 7 diameters. 


Fig. 15. 



Metasomatic Keplacement of Quartz in Gralnodiorite by Caleite and Sericite. 
Providence mine, N evada City, Cal. White areas quartz. Shaded areas fine- 
grained calcite with some sericite. Magnified 52 diametei-s. 
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Fia. 16. 



Sideiite witL. Pyrite and Galena, Keplacing Quartzite. Helena and Frisco inine, 
Cffiiur d’Alene, Idaho, q, Quartz grains ; .s, sericite;, d, siderite ; black, galena 
and'pyrite. Magnified 100 diameters. 



FlOf. 17. 


Replaced Quartzite, Same Locality as Fig. 16. Black, galena ; s, ziiui-blende ; q, 
quartz; s, sericite; si, granular siderite. Quartzite in same section gradually 
changing to this ore. Magnified 35 diameters. 
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Fig. 18. 



Quartzite Partly Eeplaced by Siderite and Pyrite. Helena and Frisco mine, 
Ctfiur d’ Alene, Idaho, q, Quartz grains ; s, sericite ; si, siderite with partly 
rhorabohedral form; black, pyrite. Magnified 100 diameters. 


Fig. 19. 



Orthoolase Partially Eeplaced by Muscovite and Kaolinite. Prom quartz-monzo- 
nite adjoining recent vein, Boulder, Mont, o, Orthoclase; q, quartz ; m, mus- 
covite ; k, kaolinite. Magnified 22 diameters. 
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Fig. 20, 



Part of Andalusite Crystal Altered into Muscovite, Arseuopyrito, etc. Piussaj^eni 
gold-quartz vein, Brazil. (After E. Hussak. ) M, Pyrrhotite ; .1, ursenopyritc; 
P, pyrite ; Qu, quartz ; E, rutile ; Mu, muscovite ; T, tourinalinu. 



Keplacement-Veinlet of Tourmaline in Fresh Andesiiie Grain. Keystone mine, 
Meadow Lake, Nevada county, Cal. t, Tourmaline; /, andesine ; «, epidote;. 
s, sericite. Magnified 50 diameters, 
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Fig. ‘22. 


Feldspar Crystal Eeplacecl by Topaz, Quartz, Fluorite and Cassiterite, in Ground- 
Mass Converted to Partly Radial Aggregates of Topaz. Mount Biscliofl, Tas- 
mania. (xVfter W. vonFircks.) 



Fig. 23. 



Incipient Tourinalinization of Quartzite. Three quartz grains shown. Needles 
single and in bunches, of tourmaline. Mount Bischoff, Tasmania. (After W. 
von Fircks. ) 
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Fig. 24. 



“Greisen” from Tin-Deposits of Banca, Malay Peninsula. Derived from gran- 
ite. (After R Beck.) g, Litliion-inica ; quartz; z, cassiterite; /, topaz. 

' Stippled spots in mica consist of zircons and rutiles, surrounded by polycliroic 
ring. Slightly magnified. 

Fig. 26. 



Altered Quartz- Mica-Diorite. Croesus mine, Wood Eiver, Idaho, a. Galena; 5, 
arsenopyrite ; c, chalcopyrite ; d, sericite ; e, quartz with secondary Iluid inclu- 
sions;/, rutile; g, chlorite. Magnified 39^ diameters. 



Fig. 26. 



Altered Serpentine. Idalio mine, Grass Valley, Cal. m, Magnesite ; s, serpen- 
tine ; p, pyrite ; g, line granular quartz. Magnified 15 diameters. 


Fig. 27. 



Altered Granodiorite. Bellefountain mine, Nevada City, Cal. m. Fine aggregate 
of sericitG, with a little calcite and secondary quartz, replacing ortlioclase aiid 
andesine ; h, original biotite altered to sericite ; q, original quartz ; black, pyrite 
with included sericite. Magnified 15 diameters. 
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Fig. 30. 
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vite or soncitc is also^eseribed as very pleiitilul in t.lu' sehiH- 
tose rock adioining the vein Certain crystals ol andalusile, 
occurring (as inelusioiis ’*’) in the vein, arc conipleiely aHi'iaMl 
into serici^te, rutile, arsenopyrite and pyrile, as is nu'll shown in 
Fig 20 '(reproduced from Dr. Hiissak’s juiper) d'ho aullior 
concludes from bis study that the deposit is a product ol igne- 
ous injection, and should bo considered a dike* ratlicr than a 
tissiire-veiii, basing this conclusion largely on the o(‘curn‘nc(' of 
zircon, nionazitc, tourmaline and staiirolite in the mljoining 
rock. It is a question whether this argnineni will (-arry con- 
viction From Dr Hussak’s excellent descriptions I should be 
inclined to consider this interesting occurrence as a lissuri'-veiii 
deposited by aqueous agencies, though, ])erhaps, at a. highi'i* 
temperature than ordinary veins The contacl-minei’als died 
by the author do not appear to be contined to the ail joining 
rock, but are piesent in the whole series of sdnsts Tin* very 
schistose and serioitic quartzite forming tlio wall oi' I he vein, 
and the presence ol' pseudomorphic sericite after andalusiti', as 
well as the apparently simiiltaneoius forming of arsenopju’ib* 
and sencitc, appear to me evidence tliatlhe deposit of Passagi'in 
is really a normal vein. The tourmaline is here also iiresent in 
the. country-rock, apparently replacing it to a, grt'aler or k'sst'r 
degree 

Again, similar deposits have been described from Mi'sulow 
Lake, FTevada county, Oal.,’* where granitic and dioritic rocks 
contain fissuro-vcins with pyritc, arsenopyrite, pyrrbeiih', zinc” 
blende, and various secondary coppcr-oros, indicating primary 
clialcopynte in a gangue ol* quartz and tourmaline, with whidt 
some yellow epidote is usually associated. (Ihlorili* is also 
common in the gangue as well as a brown miea, probably hiolilc. 
A colorless mica and a little cal cite were also observed. In con- 
trast to the usually clearly dehned tisBiire-vciUB of Ihc gold-lii'll 
of California, in which the qnartz-filluig is the predorumaiit ore, 
these veins show very irregular and nndetined walls, and it is 
clear that the mineral-forming solutions rose along very narroiv 
fissures, from which they penetrated more or less deejily into 
the adjoining coiintry-rock, and there, by metasomatie ri'placi*- 
nient deposited the auriferous ores. One of these ocenrrc'm*es 

Waldemar Lindgien, Avi Jour oj Set,, 3d soiies, vol xlvi , Scjit., 18D3, p 201 
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iH illustrated iii Fij^. 21 . The specuneii is from tlie Keystone 
mine, and sliows a graiiitK' roede traversed by a narrow fissure, 
from wliieli an intense alteration bas proceeded, converting tlie 
immediate rock into an aggregate of quartz and LOiirmalme 
The metasomatie process is well shown in the figure 

Prof Vog't describes^ certain veins in Telemarkon, Korway, 
which he considers as related to the cassiterite-vciiis proper. 
These contain chalcopyriie, bornite, and chalcocite, also a little 
native silver and gold, all associated with a gaiigue of fluorite, 
tourmaline, apatite, muscovite and calcite. They are con- 
sidered to he genetically coiniet ted with the granite in which 
they appear, and the presence of tourmaline and apatite cer- 
t.ainly suggests their close relationsliip to normal cassiterite- 
veins. Tlu' country-rock is a normal biotite-granite, with or- 
thoclasig micr<)<‘line and ohgoclasc, and no muscovite. The 
alteration extends for several leet on both sides of the veins, 
and all transilions are plainly visible The first part of the pro- 
cess consists 111 a peripheric change of hiotito to muscovite and 
a- little cqtidote; then the feldspars are attacked, muscovite and 
cpiartz txtgcthci’ with a little caleitc forming on the cleavage- 
phmes; ami hindly the feldspars andhiotitc are entirely decom- 
posed. The result, is muscovite, quartz, calcite, rutile, zircon 
and aiiatite, — the latter two not altered, but constituting the 
only materiid remainiiig fresh from the unaltered rock. A 
little tluorito, chalcopyrite or bornite is also occasionally pres- 
(Mit in t.he product, of alteration. Eegarded from a chemical 
standpoint the process is not always the same. Sometimes, ac- 
cording to Vogt, suhstance IS added; sometimes taken away. 
(Quartz may oceasioiially prevail ; at other places muscovite pre- 
dominates. Prof. Vogt calls this altered rock a greison; hut 
the process of alteration as doscrihod by him is so nearly that 
of ordinary sericitic replacement that it may he questionable 
whether it would not be better to reserve the term greisen for 
the characteristic rock accompanying the cassiteritc-veins. 
Th<' process of formation in the ease of the Telemarkeii veins 
wa.s jiroliably not carried on under the extreme conditions 
attending the normal cassiterite-veins 

The three classes of veins described above arc undoubtedly 


* ZeitHch . / praki Qeol , 1895, p 147 
VOIj. XXX.— 40 
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closely related and form a group, winch., however, is connected 
by transitions from the following classes In their whole de- 
velopment a distinct genetic connection with intrusive rocks is 
recognizable, and they seem to have been formed under excep- 
tionally high pressure and temperature — iii fact, partly under 
pneumatol;>i;ic conditions. The metasomatie action on the 
country-rock is very strong, and the presence of fluorine, chlor- 
ine or boron is characteristic. It is well to emphasize, how- 
ever, that fluorine and boron appear in many other veins which 
certainly have not originated under pneumatolytic conditions, 
or even under high temperature or pressure The three fore- 
going classes appear to form a transition from pegmatite- veins 
to ordinary-flssure veins 

4. Bioiitic Gold- Copper V&ins, 

This class, of which few representatives are thus far known, 
are exemplified m the veins of Rossland, British Columhia. 
They are well-marked -fissure-veins, contained in granular, in- 
trusive rocks of great variety, ranging from diorites to moii- 
zonites and even syenites The ore-minerals are pyrrhotito, 
chalcopyrifce and a little arseiiopyrite, all containing gold, but 
usually not in a free state, amenable to amalgamation , the 
principal gangue-mineral is hiotite, with a little quartz, ealcite, 
muscovite, amphibole, chlorite, tourmaline and garnet. 

The veins are excellent examples of replacement-deposits, as 
there is but little material which cau he identified as the filling 
of open cavities, while most of the ore has been formed by re- 
placement of the rock-forming minerals on both sides of nar- 
row fissures The original hornblende of the rock is altered to 
aggregates of hiotite foils, which also invade the feldspars , and 
simultaneously the feldspar substance is replaced from small 
cracks by pyrrhotite and chalcopyrite, forming a characteristic 
network which, by gradual extension, finally replaces the whole 
rock. One of these replacement-vemlets is illustrated m Fig 
28. The sulphides do not as a whole have crystalline outlines, 
though in some places the grains show crystal-faces. The sec- 
ondary character of the sulphides is further shown by narrow 
linings of quartz, chlorite or hiotite. The feldspar substance, gen- 
srally clouded by interpositions ofbiotite, muscovite, etc., usually 
;)resents a narrow, clear nm adjoining the sulphides Exton- 
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sive biotitization results in fine-grained siliceous rocks, eonsist- 
iug of brown miea and quartz, possibly also secondary feld- 
spars. Green secondary ampbibole was noted in places, em- 
bedded ill calcite. The whole process is more characteristic of 
dynamic metamorphism than of ordinary fissure-veins, and it 
IS probable that the veins were formed under actual nnrelaxmg 
compression Strongly reducing conditions are indicated 
(otherwise pyrrhotite would not form so exclusive!}?), and the 
absence of notable quantities of carbon-dioxide Along sec- 
ondary slips, below the water-level, the pyrrhotite may he trans- 
formed to pyrite. Epidote appears to be absent The veins 
are earlier than an extensive system of lamprophyric dikes 
which cut across them. These dikes were no doubt closely 
connected with the principal intrusion of igneous rock , and the 
conclusion may be drawn that the mineralization followed 
pretty closely upon the consolidation of the rock 

5. Propyhtw Gold- and Silver-Veins. 

General Features . — ^As the cassiterite-veins are closely con- 
nected genetically with certain intrusive rocks, so another 
group of veins shows a dependence on tertiary efidisive rocks, 
such as andesites, dacites and basalts, in part also rhyolites and 
trachytes. In the vicinity of these veins there is a very exten- 
sive metasomatic action resulting in so-called propylite (named 
by V. Richthofen) which was regarded formerly as a primary 
rock-type, just as greisen has sometimes been regarded as a 
primary rock forming a variety of gramte. But all fissure- 
veins in tertiary effusive rocks do not belong to this class , a 
considerable number belong under the head of sencitic veins. 
Rosenbusch expresses the process in the following apt words 

“ The characteristic features of the piopylitic fams consists in the loss of the 
glassy habit of the feldspars , in the chlontic alteration of the hornblende, hiotite 
and pyroxene (often with an intermediate stage of uralite), with simultaneous 
development of epidote , fuither, in alteiation of the noimal ground-mass into 
liolociystalline gianular aggregates of feldspar, quartz, chlorite, epidote and cal- 
cite, and in a consideiahle development of sulphides” [usually pyrite] f 


* El&mnU del Gesteinslehre, Stuttgart, 1898, p. 303 

t Eosenbusch adds {loc at and. Mikr Phys d Mass Oest , Stuttgart, 1896, p 
91) that similar rocks (excepting the pyiite) may result from atmosplieiic 
weathering Against this statement I would protest, referring to page 586 of 
this paper 
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Chemically, the change is not considerable ; the principal 
additions consist of water and salphur ; some substance is often 
subtracted, usually lime or magnesia, while the alkalies show 
slight change. The following analysis, taken from Mr. Clar- 
ence King’s monograph on the Comstock Lode, shows the 
composition of a propylitic andesite 


SA, 

AljOg; 

FeO, 

MgO, 

CaO, 

Na,0, 

K26, 

H3O, 


Per cent 
64 62 
11 70 
8 39 
1 18 
8 96 
3 IS 
1 95 
1 02 


100 96 


Propylitic rocks occur in the vicinity of large fissure-veins 
and vein-systems in Tertiary effusive rocks — for instance, at the 
Comstock, Kevada; Paehuca and Real del Monte, Mexico; in 
the South American Andes; and in Plungary and Transyl- 
vania. Although the propylite indicates the general metaso- 
matic process in these veins, it is not uncommon to find rocks 
and soft clays containing sericite as a product of the extreme me- 
tasomatic action very close to the vein The waters principally 
active during the formation of the propylitic veins probably 
contained only a small amount of carbon dioxide and very 
httle lime, but may have been rich in sulphuretted hydrogen. 

The filling of open spaces is a very important process in 
these veins, as may he expected from their formation compara- 
tively near the surface ; and this filling usually constitutes the 
principal ore, though altered rock, containing enough gold and 
silver to he classed as ore, occurs extensively in many places. 

The primary character of propylite as a separate eruption 
is to some extent still upheld by Zirkel,* hut his arguments are 
not convincing. 

The Comstock Lode . — ^The relations at the Comstock lode, 
described by G. P. Becker, f are exceedingly interesting, be- 
cause the deposit, besides being celebrated for its immense 


* Lehrbuch den Fetrographie, li , p 485 

t G F. Becker, “Geology of the Comstock Lode,” ilfori,o{/?ajp/i, ill, U. S Qeol 
Suiv 



METASOMATIC PBOCESSES IN EISSTJRB-VEINS. 647 

production, is a representative type. Tlie vein, which carries 
both silver and gold, is surrounded by an area of extreme 
alteration, occupying a space of about 5 by 2 miles, affecting 
alike the diorite, diabase and andesite. In the course of this 
alteration the hornblende and augite are changed to chlorite, 
which also infiltrates the feldspars Pyrite is present in the 
rock 111 proportion to its alteration, and is probably developed 
from the ferro-magnesian silicates , to a lesser degree, from the 
magnetite The feldspars are decidedly less easily altered than 
the silicates mentioned. Beginning alteration is made appar- 
ent by specks of calcite. Later on, quartz grains and an opaque 
white, doubtful substance appears. Ho kaolinite was recog- 
nized, and if present, it occurs in very subordinate quantities 
only. Epidote is more abundant near the surface than in depth, 
and appears to result from the further alteration of chlorite, 
under the infiuenee of calcic solutions derived from the feldspars. 
Muscovite as a product of alteration of the feldspars is absent 

The extreme alteration is represented by the so-called clays, 
which were formerly supposed to consist largely of kaolin. 
Becker shows this assumption to be erroneous, and gives anal- 
yses to show that the clays are simply derived from the normal 
rocks by a partial alteration An examination of the analyses 
quoted from the monograph of Clarence Kmg,t in Table I , 
following page 152 of Becker’s monograph, will show that in 
the diorites, andesites and diabases the Ha^O decidedly exceeds 
the In two of the three analyses of “ propylites,” which 

are simply rocks subjected to incipient thermal alteration, the 
K^O IS present in decidedly larger quantity than the Ha^O. In 
the remaining “ propylite” analysis, the reverse is true. The 
four analyses of the “ clays,” or the extremely altered, crushed 
and bleached material adjoining the veins, run as shown in 
table on the following page. 

The quantitative relations of the alkalies clearly show a con- 
centration of potash and a leaching of soda. There can 
scarcely be any doubt that these clays really consist of 30 to 
40 per cent, of finely divided serieite, mixed with some quartz 
and residual rock. 

* Without ■wishing to reopen the Comstock question, I would state my strong 
belief that these three rocks are separate and independent eruptive bodies 

t “Survey of the 40th Paiallel,” vols n, in , vi , passim 
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Analyses of Comstock Clays 



I 

II 

III 

IV 


Per cent 

Per cent 

Per cent 

Per cent 

SiO, 

60 02 

59 71 

65 69 

39 52 

TiO^ 

Al^Og 

12 15 

17 59 

15 39 

15 97 

Fe^Oa 

4 38 

504 

211 

4 47 

FeO . . 





MnO . 

CaO 

6 00 

0 73 

1.66 

9.20 

MgO 

1 40 

4 41 

2 86 

8 40 

Na^O 

0 45 

1 01 

2 36 


KjO 

1 23 

3 98 

4 64 

3.11 

CO2 

3 17 



6 20 

FeSa 

1 84 

3 58 

2 84 

9 18 

P2O5 

0 34 

trace 

trace 

trace 

H2O 

8 09 

419* 

2.80* 

9 95 

Total 

99 07 ^ 

100.24 

100 34 

101 00 


Locality 

I Yellow Jacket east clay, 

II Chollar west clay, 

III Hale and Norcross east clay, 
rV Savage second station, 


Analyst 

S W. Johnson 
W Gr Mixter 
W Gr. Mixtei 
S W Johnson. 


The Veins of Nagydg, Hungary — ^In 1885, Bela von Inkey 
published an interesting report on the ore-deposits at Ijla- 
gyag.f These consist, in brief, of a complicated system of 
not very persistent veins, cutting an eruptive mass of tra- 
chytic rocks breaking through Tertiary sediments, which in 
turn rest on older argillites The deposits are famous as con- 
taining gold accompanied by various interesting tellurides. 
The whole occurrence bears in its geological relation some 
similarity to the deposits at Cripple Creek, Colo. The principal 
gangue is quartz, accompanied by galena, zinc-blende, pyrite, 
chalcopyrite, etc., besides gold and rich tellurides In addition 
to the quartz, various carbonates are present. The fissures are 
small, but contain the (generally rich) ore as the filling of open 
spaces. The sedimentary rocks do not in general contain 
much valuable ore, although such occurrences are known The 
ore-shoots are chiefly confined to the eruptive mass of trachyte. 
Ill the vicinity of the mineral deposits the trachytes are quite 
generally changed to so-called propylitic rocks, the change 


* By Ignition 

f Nagy^g und f>eineE7dagerstaMm, by Bela von Inkey, Budapest, 1886 
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consisting in the development of chlorite in the ferro-magne- 
siaii minerals It is, in fact, dijficnlt to obtain fresh rocks 
anywhere in the vicinity. In the immediate vicinity of the 
veins, and in the whole zone m which the veins are closely 
massed, the rock has suffered another alteration, which v Iiikey 
refers to as a kaolmizatioii, in consequence of which the rock 
loses its normal hardness and greyish or greenish color, and is 
transformed into a soft brownish yellow to white mass, resem- 
bling kaolin. The last traces of hornblende and augite are 
lost, and only carbonates replace them The biotite is trans- 
formed to a soft talcose substance The magnetite is often 
replaced by pyrite Only the quartz remains unaltered, and, 
111 eoiineetioii with the pseudomorphs of biotite, affords the 
best criterion for recognizing the trachytic nature of this 
highly altered rock. This modification is so clearly connected 
with the veins that its origin from the fissures cannot be doubted. 
Where the rock is not altered, rich shoots are rarely found. 
Yon Inkey thinks that this alteration clearly indicates, not 
superficial waters, but thermal waters ascending on the fissures. 
Both kinds of alteration, the chloritic as well as the “ kaolin- 
itic,” are regarded as closely related to the genesis of the veins. 
The chloritic modification is supposed to have resulted from a 
sort of hydrometamorphic action preceding the immediate 
formation of the veins This so-called kaolimzed rock has 
been examined in more detail by Dr Kollbeck,* who showed 
it consists partly of sencite. Dr. Eollheck separated the rock 
by means of heavy solutions, finding that, besides the sericite, 
it contained some pyrite (with a little arsenic, gold and silver), 
zircon and anatase, as well as a little apatite. The chief con- 
stituent fell between specific gravity 2.918 and 2.649, though 
most of it came down at 2.788. The analysis of the micaceous 
mineral gave the following composition . SiO^, 48 67 , A1,0^, 
39 80; FeA, 0.80; MnO, 0.25; CaO, 0.38, MgO, 142; K,0, 
3 73, 0 13, H,0, 5 83, CO„ 0 23, FeS„ 0.43; total, 

100 67 per cent. 

As may he inferred from the variability of the specific 
gravity, the mineral is clearly not pure muscovite, but probably 
a mixture of sencite and kaolimte, as is shown by the high 


^ Oe&teiv Zeiheh f B & H -Wesen, 1888, pp 25-27. 



650 


METASOMATIC PROCESSES IN' FISSURB-YEIiS^S 


percentage of aluinma and water and tlie low percentage of 
potassa. 

JPacJiiLca, Mexico . — ^Another type of tins class of veins is de- 
scribed by j^Iessrs J. Aguilera and E. OrdoSezd The well- 
known and very produetire veins of Pachuca cut a series ot 
Tertiary effusive rocks, principal among which is a pyroxene- 
andesite Ehyolite and basalt are also present, but contain, 
near Pachnca, no mineral veins. The deposits are typical As- 
sure- veins, filled with a gangiie of quartz carrying in fine dis- 
semination argentite, pynte, galena, zine-bleude, stephaiiite and 
polybasite. The value is almost exclusively in silver, very little 
gold occurring. There is no ruby-silver, and in depth the 
veins are said to be impoverished by the appearance of large 
quantities of barren zinc-blende. The pyrite and galena con- 
tain a little silver, but no gold Calcite appears m subordinate 
and varying quantities, as the latest gangue, filling interstices 
between quartz crusts Inelusions of country-rock m sharp 
fragments are common in the quartz On the whole, there 
can be no doubt that the ore iii these veins is chiefly the fill- 
ing of open cavities hy quartz, as in the gold-quartz veins of 
California. 

Over a large area in the vicinity of the veins the rocks con- 
tain much chlorite and quartz, with a little calcite Close to 
the veins, the alteration is most intense The country-rock is 
filled with small, perfect crystals of pyrite, which ]s always 
practically barren. Its sharply developed crystal-form contrasts 
with the generally anhedral form of- the pyrite in the vein. 
Black sulphides occasionally, but rarely, appear in the country- 
rock next to the veins These are, of course, rich The rocks 
immediately adjoining the veins contain, besides pyrite, much 
chlorite, also some calcite and a considerable amount of second- 
ary quartz. The latter is so abundant that the chief alteration 
near the vein is often a silicification, the quartz sometimes ap- 
pearing in the ground-mass , in other cases the w^hole rock is 
silicified by substitution of quartz Chalcedony, and more 
rarely opal, is also found in the altered rock. In many cases, 
in the deeper parts of the veins, the only difference between 
the rocks adjoining and those more distant from the vein is m 

^ Boletm del Instit Geol de Mnm, Kos 7, 8, 9 “El Mineral de Pacliuca “ 
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the quantity of impregnating silica The pyroxene alters to 
chlorite and epidote The feldspars (ohgoclase and labradorite) 
are often converted to calcite, epidote and quartz Mr. Ordonez 
says further that the feldspars have a marked tendency to be- 
come transformed into kaohnite {p'eilld) As he gives no anal- 
yses of the altered rocks, it is difficult to judge whether finely 
divided sericite is jiresent or not On the whole, the similarity 
of this district to the Comstock, so far as the alteration is 
concerned, is very striking, and there is httle doubt that the 
two deposits owe their origin to extremely similar solutions 
Neio Zealand . — The auriferous veins of Thames, hTew Zealand, 
are contained in andesitic rocks, which, near the fissures, have 
suffered considerable alteration. The character of this altera- 
tion has been described by F. W. Hutton'*' in a report on the 
rocks of the ITauraki gold-fields, which include, among others, 
the Thames district, and are situated near Auckland on the north- 
ern island. Tnassic or pre-Tnassic sediments are uiiconform- 
ably overlain by younger volcanic formations which contain 
the gold-deposits. The rocks consist largely of andesite, both 
augitie and horiiblendic, which is accompanied by masses of 
tuffs and breccias Rhyolite and dacite also occur. The altera- 
tion, chiefly of propylitic character, is distinguished by the ap- 
pearance of much secondary chlorite, not only in the bisilicates 
but also in the ground-mass and in the feldspars, the latter, be- 
sides, altering to calcite and “kaolin.’^ The chlorite alters 
again, in places, to a mineral which, from the description of the 
author, probably is sericite. Another common secondary prod- 
uct is quartz in fine aggregates The pyrite frequently, though 
not always, present, is sometimes derived from magnetite In 
other cases it is associated with the product of decomposition 
of titanic iron-ore, usually referred to as leucoxene The color 
of the rocks subjected to the propylitic alteration is greenish 
grey, which, on further alteration, changes into lighter tints 
The process is illustrated by several analyses by Skey, but they 
only thiow an imperfect light upon the subject, as the alkalies 
are not separated, nor CO2 and H^O individually determined 
Prof. Hutton is a pronounced advocate of lateral secretion, 
and believes that the gold was derived from the surrounding 
volcanic rock. This conclnsioii is disputed by Dr. Don.f 

* Austi al Alss Adv Sci , vol 1 , 1887, pp 245-274 

t “The Genesis of Certain Auriferous Lodes,” Tims,, xsvii., 586 
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Alaska —The Apollo mine on TJnga Island, described by 
G-. F Becker,'^ is an interesting deposit in andesitic rocks The 
ores consist of pyrite, galena, zinc-blende, chalcopyrite, with a 
little calcite ISTative gold and copper occur with these ores, 
and the presence of a small quantity of orthoclase has also been 
proved. According to Becker, the ore is present exclusively 
as the filling of cavities, and shows beautiful comb-structure. 
In the vicinity of this deposit, the andesites are highly chloritic 
and contain abundant pyrite. FTeither sericite nor carbonates 
are mentioned. The course of the alteration is very clearly 
propylitic. The pyrite in the altered rock is largely derived 
from the ferro-magnesian silicates. 

Silver Cliffy Colorado . — The deposits of Silver Cliff should 
probably be referred to the propylitic class, although sericiti- 
zation here also appears as a very important metasomatic char- 
acteristic The districts of Silver Cliff and the Eosita Hills, as 
described by Messrs Emmons and Cross, f are characterized 
by a complex of andesites, rhyolites and trachytes, resting on 
old Arehean rocks and erupted through them. The igneous 
rocks and, to some extent, the old gneisses are traversed by a 
system of veins and irregular deposits carrying chiefly silver- 
ores, consisting of tetrahedrite, stephamte, pyrite, chalcopyrite 
and galena, in a gangue of barite with a little calcite. The 
ore consists chiefly of altered country-rock in which the differ- 
ent sulphides and gangue-minerals have been developed by 
metasomatic replacement Mr Emmons considers that the 
solutions first filled narrow fissures between sheeted rocks, and 
from these fissures gradually worked into the rock itself. The 
whole occurrence at Silver Cliff* appears to show strong anal- 
ogy with that of Cripple Creek and Hagydg; for in all of 
these places a relatively small complex of Tertiary eruiitive 
rocks, at or near the point of eruption, has been traversed by a 
complicated system of fractures along which the ore has been 
deposited by solutions penetrating the fissures, as a later 
manifestation of the eruptive activity. 

Over large areas the rock, especially the andesite, is much 
decomposed and bleached, and also contains a considerable 


* 18th Ann JRept JJ S Qeol Surv , part ill , p. 83 
t 11 th Ann Mept U. S Qeol Surv , part ii , pp 269-472 
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amount of pyrite The greenish color first appearing is clue 
to the development of chlorite, the pyroxene being replaced 
by chlorite, calcite and quartz Further alteratiou results m 
a strong sericitization, and in removal of iron and lime The 
biotite always changes into muscovite, which sometimes con- 
tains crystals of anatase. The lime-soda feldspars are also re- 
placed by aggregates of muscovites, hut the potash-feldspars 
are rarely altered until all the other minerals have been almost 
completely decomposed. The magnetite disappears with the 
silicates Pyrite is common, and m ceitam cases seems to be 
a direct replacement of magnetite. Oalcite is frequently asso- 
ciated with muscovite, and may replace plagioclase or augite. 
Mr Cross recognized no kaolin m noteworthy amount among 
the products of alteration In some instances the bleaching 
extends through large rock-masses, but it clearly proceeds 
from fissures. Kear the veins, the bleached rock adjoining the 
small fissures may gradually shade off into fresh rock within a 
few feet. 

A sihcification is noted in some cases, especially in the ease 
of a dike of rhyolite, which has suffered so great alteration as 
to be almost completely changed to quartzose fine-grained ma- 
terial The andesite may also occasionally show sihcification. 
The rhyolite is altered in some places to soft, whitish material, 
and 111 other places to hard cavernous quartzose material. 
The contacts of rhyolite and andesite are sometimes changed 
to such a degree as to make rock-determiuatioii very difficult 

Stiver City, Idaho . — The fissure-vein of the Trade Dollar and 
Black Jack mines, Florida mountain, near Silver City, Idaho, 
presents some unusual features f The sharply defined vein cuts 
across granite, basalt and rhyolite The ores consist of argen- 
tite and chalcopyrite in a gangue of quartz and valeiicianite 
(orthoelase), forming tyjjical fillings of open spaces The al- 
teration affects the various rocks somewhat differently, but 
the vein is undoubtedly of the propyhtic class, in the forma- 
tion of which alkaline carbonates and carbon-dioxide were 
present only m small amounts 

In the granite the adjoining rock is very slightly altered, 
though spaces of dissolution and crushed portions in it may be 
filled with quartz and valeiicianite 

JLoc cit , p 358 

fW Lmdgren, 20th Ann Rept U S Geol Swrv , pt. in ,pp 134-144, 174-187 



654 METASOMATIC PEOCESSES IN FISSTJEE-VEINS 

The rhyolite Ik extensively altered and somewhat silicified, 
the quartz crystals having received aureoles of the same min- 
eral 111 secondary deposition The feldspars are often con- 
verted into fine-grained quartz and serieite, the ground-mass 
being changed to the same minerals, and the quartz predomi- 
nating. A little kaolinite is probably also present, and pyrite 
in small cubes is scattered through the rock blear the under- 
lying basalt, epi dote and chlorite have been introduced into the 
rhyolite, indicating an upward movement of the solution. 

The basalt is also considerably altered, and the character is 
typically propylitic, with abundant chlorite and pyrite, and 
slight changes otherwise in the chemical constitution. 

6 . Muontie Gold-Tellunim Veins. 

This peculiar and interesting class of deposits, the discovery 
and study of which date only a few years back, is character- 
ized by the ap)pearance of tellurides of gold and silver, besides 
a little native gold ; by the universal jiresenee of (usually pur- 
ple) fluorite ; and by an intense metasomatic action — so that 
the larger propoz’tion of the ores consists of altered country- 
rock. The gangue is quartz, fluorite and barite , ore-minerals, 
except tellurides, are not very abundantly present 

The age of these deposits, as thus far known, is probably 
Tertiary, following the outbreaks of phonolitic magmas, with 
which all of the occurrences show a remarkable connection. 
The depositing waters must have been poor in carbon-dioxide, 
alkaline and earthy carbonates, but contained more or less fluor- 
ine as hydrofluoric acid, which is possibly indicated by the abun- 
dant sjiaces of dissolution in the giainte of Cripple Creek. Or 
else (and this was probably the more common case) they con- 
tained alkaline fluorides. Though the veins are closely con- 
nected with the eruption of phonolitic magma referred to, it is 
not believed that the conditions of deposition were of pneuma- 
tolytie character, but rather that they were normally hydro- 
thermal, 

Ori'pijle Greek . — The geology and mineral deposits of the Crip- 
ple Creek district, Colo,, have been examined by Whitman 
Cross and K. A. F Penrose.* The general occurrence of the 
veins is somewhat analogous to that of hTagydg, Hungary, and 


l&tli Annual Repm t U S Oeol Sui v , part ii 
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Silver Clift, Colorado, inasmuch as they cut igneous masses, 
here consisting of andesite and phoiiolite, and occur in close 
proximity to the original locus of eruption of these rocks. The 
veins, of which there are a great number, contain native gold, 
tellurides and pyrite, together with a little galena and zinc- 
hlende Silver is present in very small amounts only The 
gangue consists of quartz, fluorite and barite. Prof Penrose 
designates the veins as very largely replacement veins, formed 
by metasomatic action of the solutions ascending in narrow 
fissures on the surrounding country-rock. Filling of open fis- 
sures exists to a subordinate extent Large masses of the vol- 
canic rocks, especially the poions tufis, were subjected to ther- 
mal action prior to the formation of some of the fissures The 
alteration results in silicification, kaolinization and some sen- 
citization. In the breccia and tuff, the process consists in the 
total destruction of the dark silicates, and the substitution of a 
white mica for them. The feldspar changes to muscovite or 
kaolin , the only fresh remaining crystals consist of apatite , 
and the rocks are greatly impregnated with pyrite. In some 
places the alteration consists in a silicification, but more com- 
monly muscovite or kaolin are the minerals formed. Penrose 
says also that kaolin occurs in the veins in irregular masses, 
mixed with quartz. Three analyses of this product show that 
it 18 a normal kaolin. While it is conceded that the kaolin is 
to some extent the result of surface alteration, its formation 
was chiefly earlier than the development of this superficial 
alteration The quantity of kaolin, he says, does not diminish 
in depth, where it still occurs associated with unaltered sulphides 
All opaline silica is also found in the veins, often appearing 
like red, brilliant, conchoidal jasper An analysis of it shows 
SiO„ 72 46, AlA, 2 52, FeA, 17 88, GaO, 0.14, MgO, trace; 
E:,0, 1.08, 0 06, Hp, 5.70, total, 99.84 per cent 

The origin of this product is not stated, but it is not improb- 
ably the result of extreme alteration of a volcanic rock It is 
interesting to note that among the alkalies strongly pre- 
dominates, and, to judge from the analysis, the rock must con- 
tain about 10 tier cent, of sericite. 

During the last year I had opportunity to examine a suite of 
specimens collected by Mr S F Emmons from the Independ- 
ence and Portland mines , and some of the results are here 
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publisliecl with his permission. At these mines, the narrow 
fissure along which the rej)lacenient took place cuts both the 
granite and the andesite-granite breccia, and in places follows 
a dike of phonolite. The specimens clearly bear out previous 
statements as to replacement In addition to the finorite, sec- 
ondary orthoclase, or valencianite, was recognized as a univer- 
sally present gangiie-mineral. The granite-ore from both mines 
consists of a coarsely granular rock, largely of microchiie and 
quartz, made cellular and porous by spaces of dissolution. The 
cavities are coated with abundant small and clear crystals of 
valencianite showing the usual combination of prism and dome , 
also with a little pyrite, gold, and small cubes of fluorite.''' The 
crystals of valencianite were isolated and conclusively iden- 
tified by qualitative analysis and tests Microscopic analysis 
reveals but little alteration in the granite, though the biotite 
foils are replaced by a substance which appears to be valen- 
eianite The feldspars contain a few shreds of sericite, and 
pentagonal crystals of pyrite are scattered through feldspar and 
altered biotite In places, small replacement-veinlets of fluorite 
and quartz traverse the feldspar The cavities of dissolution 
apparently result from the removal of both quartz and micro- 
eline Some of them are filled with quartz, valencianite and 
pyrite ; the secondary feldspar often being deposited with orien- 
tation parallel to that of older grams. A few grains of sec- 
ondary feldspar show microcline structure, but most of them 
are simple individuals These filled spaces, characterized by 
crustification, are illustrated in Fig. 11. 

The processes of replacement are remarkably variable In 
some of the granite-andesite breccias the result is quartz, valen- 
cianite, fluorite and pyrite Fig. 10 shows how the replace- 
ment progresses iii a gram of orthoclase Fig 8 showy’s a filled 
veinlet in the same breccia, which by means of a narrow crack 
connects with the feldspar grains just mentioned The valen- 
cianite shows crustification, while the fluorite and pyrite, by cor- 
roding the walls, indicate partial metasomatic action. 

Some of the phonolites of the Independence mine are porous 
siliceous rocks, completely replaced with quartz, valencianite 
crystals, pyrite, and a few grains of a tellnride of gold and 

* Confer. W Lindgren, “The Gold and Silver Yeins of Silver City,” 20^^ 
Ann Bept U. S Oeol Swv , part m , p 167 
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Sliver. Other specimens show only incipient alteration, being 
impregnated with pyrite crystals and containing a few per cent, 
of sericite , they contain, besides, spaces of dissolution filled 
with quartz, fluorite and valencianite Certain fine-grained 
granitic breccias from the Annie Lee shoot, in the Portland 
mine, show a most peculiar alteration, the quartz and ortho- 
clase being both replaced by calcite, pyrite and secondary or- 
thoclase. The final result of the alteration of phonolite is, in 
many cases, a purple fine-grained rock consisting of quartz, 
fluorite and pyrite; as usual, the fluorite is crystallized, and 
the quartz also shows, to some extent, idiomorphic outlines 
(Pig 9). 

Other Occurrences — To this class belong also the so-called 
Potsdam tellunum-ores ot the Black Hills, Dakota, de- 
scribed by Devereux, Carpenter, F. Clemes Smith, and lately 
by J. D Irving * According to Mr Irving, the irregular de- 
posits are connected with fissures, and consist in a replacement 
of limestone by silica, with fluorite, and gold, partly in the 
form of tellurides While the age of these deposits is not 
fully known, they are believed to be genetically connected 
with phonolitic and tinguaitic dikes of Tertiary age. 

Mr. W. H. Weedf has described interesting occurrences of 
the same type from the Judith mountains in northern Mon- 
tana The deposits, though, strictly speaking, not fissure-veins, 
are still more or less clearly connected with fractures, and are 
found in the breeciated contact-zone between limestone and in- 
trusive masses of acidic porphyry. The principal gaiigue-min- 
erals are quartz and purple fluorite, the ore-minerals being na- 
tive gold and tellurides of *gold and silver. The mode of ore- 
deposition is certainly a replacement of limestone, the fluorite 
occurring in more or less sharply defined patches in the lime- 
stone breccia. From a specimen which Mr Weed kindly 
selected for me a section was cut, which is partly illustrated in 
Fig 14 The invasion of the normal limestone, still carrying 
organic remains, by the crystallizing fluorite, is well shown, as 
well as the incipient silicification which accompanied the meta- 
somatic action. Much secondary silica, replacing limestone. 


* '‘A Contribution to the Geology of the Northern Black Hills,” Awn N. Y 
Acad Sa , vol xii , No 9, pp 297-314 

t IStk Ann, Bept. U S Geol Surv , part lu , p 588 
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also occurs m jaspery or cherty form. Small cubes of fluorite, 
found in tbe fresh limestone, represent places of incipient fliior- 
itization Dikes and sheets of phonolitic rocks are found in 
the vicinity of the deposits. A deposit occurring in rhyolite 
porphyry not far from the limestone shows strong alteration of 
the country-rock The feldspar is here changed to sericite, 
the ferro-magnesian minerals are transformed to calcite, and 
abundant small crystals of pyrite appear m the rock Fluorite 
is also present on some of the veins in rhyolite porphyries. 
Mr "Weed regards the deposits as possibly of pnenmatolytic 
origin It IS scarcely necessary, however, to assume the fluor- 
ine to have been present in the form of free hydrofluoric acid 
(compare pp 601 and 604). 

Similar dej)osit8, with purple fluorite and tellurides, are 
also described by Mr. Weed from the Little Rocky Mountains, 
in Montana.* 

7 Sencitic and Kaohnitic Gold- and Silver- Veins. 

General Uemarks — This class has not been studied as much 
as some of the other subdivisions, but many deposits will prob- 
ably be found to belong to it Apparently the pure aluminic 
silicate cannot be formed when the generating waters contain 
much carbon dioxide or alkaline carbonates. But it does form 
under the influence of some waters containing a small amount 
of these reagents, and also in the presence of sulphuric acid, 
which, as is well known, rapidly attacks the feldspars. Even 
under the latter two conditions, some sericite is ordinarily also 
formed ; and I am not aware of any veins in which kaolinite 
forms without sericite. The class may be subdivided accord- 
ing to the absence or presence of silicification. 

The Freiberg Veins — As is well known, several very different 
kinds of veins appear in the Freiberg district, practically all, 
however, being sharply defined fissure- veins in gneiss, in which 
the filling of open spaces constitutes the only ore ; extensive 
zones of alteration are absent It is a peculiar fact that very 
little is known of the metasomatic processes affecting the coun- 
try-rock at this celebrated locality, no chemical examinations 
having been made to determine how the various classes of 


Journal of Geol , vol iv , pp 399-428 (1896) 



METASOMATIC PROCESSES IN FISSURE- VEINS. 


659 


veins may differ in their metasomatic products, A letter from 
Prof. Beck, of Freiberg, informs me that Prof A W. Stelzner 
devoted much time during the last years of his life to the exami- 
nation of the changes in the country-rock adjoining the veins, 
hut that his manuscript notes have never been published 

W Yogelgesang,-^ in describing the veins south and southeast 
of Freiberg containing carbonates and rich silver-ores, describes 
the impregnation of the adjoining rock with ores. He men- 
tions the occasional introduction of argentite and native silver 
into the gneiss, also, in places, of arsenopyrite, pyrite, chalco- 
pyrite, zinc-blende and galena The impregnation with silver- 
ores appears only in especially rich places along the vein. In 
one case, however, the impregnated rock appears as an irregu- 
lar, limited mass, almost entirely independent of the direction 
of the vein. In another locality, chalcopyidte and bornite were 
found in the wall-rock, while the filling of the vein contained 
neither. In the same paper, the author describes the alteration 
of the so-called normal gneiss of Freiberg near the veins of the 
Kiesige JBleiformation. The mica is the first mineral attacked; 
the second is the feldspar. The former acquires a silvery- 
white color, often connected with a chloritic appearance The 
feldspar is changed to a white “ kaolin,’^ and the whole rock is 
bleached white. By extreme alteration, the quartz disappears, 
and the rock forms a white or yellowish-white talc-like mass. 
The altered rock is frequently, in fact usually, filled with 
arsenopyrite. Some of the crystals are large; others micro- 
scopic , and their amount may so increase as to form a con- 
nected, compact mass of arsenopyrite. All these crystals are 
twins, excellently developed, with perfect faces. This descrip- 
tion refers especially to the Dietrich Stehender vein-f In the 
foot-wall, and partly also in the hanging-wall, of this altered 
mass appears a rock, recognizable as the ordinary grey gneiss 
of Freiberg. It contains no aresenopyrite bnt is strongly im- 
pregnated with galena, arranged in curved streaks parallel to 
the schistosity, and replacing one constituent of the rock,, 
namely, the feldspar. The altered rocks have been analyzed ; 
but tbe determination of alkalies being omitted, the analyses 
have no special value. 

* Bernard Cotta, Gangstvdien, vol li., Freiberg, 1854, p 78 

t The sericite from tins vein has been analyzed by H Schulze , see page 609. 

VAT vw 41 
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The rock adjoining the Gotthold-Stehender vein is likewise 
strongly impregnated ; hut here, besides arsenopyrite, galena, 
chalcopyrite, pyrite and zine-hlende are also found. 

As early as 1883 and 1884 Stekner*^ devoted considerable at- 
tention to the examination of the soft and altered rock adjoin- 
ing the veins of Freiberg. These altered rocks are also usu- 
ally impregnated with small crystals of arsenopyrite, or pyrite, 
or (more rarely) zinc-blende and galena. In the normal gneiss 
of Freiberg, which Prof. Stelzner subjected to separation by 
heavy solutions, he found much zircon, as well as a little tour- 
maline and a large quantity of apatite. All three of these min- 
erals were also separated from the altered wall-rocks in the 
crystalline shape which they had had in the fresh rock ,* hence 
none of them had been attacked. He observes further that the 
quartz, feldspar and biotite of the fresh gneiss is completely or 
almost completely changed into white potassium mica, form- 
ing, in small hexagonal or irregular foils, the chief mass of the 
rock. This secondary mica contains, according to analysis by 
Dr. Schulze, as much as 0.41 per cent, of T 1 O 2 and 0.54 per 
cent, of SnOa. As newly-formed minerals in the altered rock, 
appear small crystals of quartz, rutile and anatase In certain 
of the examined rocks only rutile was found, in others only ana- 
tase (octahedrite), hut both were present as sharply defined small 
crystals. These two minerals are considered as resulting from 
a decomposition of the biotite, which is rich in titanic acid. In 
analyzing the heaviest part obtained by the Thoulet solution 
from the altered rock close to one of the veins, it was found 
that cassiterite was present in notable quantity. Whether this 
tin-ore resulted from the decomposition of the hiotite, or 
whether, like the arsenopyrite, it had been introduced from the 
vein-fissure, is not certain The latter hypothesis is probable ; 
for the black zinc-blende of the same vein (the Carl Stehender) 
contains small, hut numerous, crystals of cassiterite 

Examination of the fresh gneisses of Freiberg discloses the 
presence of pyrrhotite, pyrite, and probably also a little arseiio- 
pyrite. These are presumably primary ; at least the statement 
of Prof. Stelzner is probably to be interpreted in this sense. 

The first attempt to examine the altered wall-rocks m a sch 


* A W Stelzner, “ Studies of the Gneiss of Freiberg and its Products of Alter- 
ation ” Neues Jahrluah^ 1884, vol. i , p 271. 
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ontific manner was made by Prof Th. Scheerer,'^ in connec- 
tion with his classic paper on the gneissic rocks from the 
vicinity of Preiherg. According to Scheerer, the normal char- 
acter of tlie grey gneiss is always more or less changed in the 
vicinity of mineral veins, the extension of this alteration being, 
in general, dependent upon the width of the vein. The mica 
has turned into a light greenish-grey or white talcose mass, and 
the whole rock is softened and easily crushed The width of 
this alteration ranges from a few inches up to 6 feet. In the 
porous gneiss, small bodies of pyrite, zinc-hlende and galena 
have been formed, partly as separate crystals, and partly in 
little vemlets Prof. Scheerer examined especially a gneiss 
closely adjoining the Erzengel vein belonging to the Kiesige 
JSleiformation, in the Himmelfahrt mine The specimen was 
taken from one of the deep levels, thus eliminating the action 
of surface-water. The analysis gave- SiO^, 61.69; TiO,, 0.78; 
A1,0„ 2174, PeA,0.48; CaO,'’l07; MgO, 1.16; E;0, 2 69, 
hTajO, 0.80 , HjO, 3.96 ; fluorite, 1 20 ; pyrite, 4.26 , chalcopyr- 
ite, 0.23 , galena, 0.09; argentite, trace, total, 99.54 per cent 

Scheerer recalculatecl this analysis on the basis of constant 
alumina and, combining the resnlt with the analyses of the fresh 
rock, obtained the table on the following page. The assumed 
constancy of the alumina is probably not quite correct, hut offers 
an easy and fairly accurate way of approximately judging the 
changes that have taken place. 

This result is remarkable in many respects. Pnst, we note 
that a very decided removal of substance has taken place. 
Counting by equal weights, only 6 parts in 100 have been 
added (even less, if we consider that the Fe of FeS is derived 
from PejOj and PeO in the fresh rock) while no less than 42 45 
parts have been carried away. This contrasts strongly with 
the results obtained from gold-quartz veins in California and 
Idaho. Of the silica, 26.62 parts or 40 per cent is removed. 
The total bases, except alumina, have been diminished to the 
extent of 81.01 per cent. Both KjO and hTagO have been 
removed , the former, however, in much smaller proportion 
than the latter. Lime, magnesia and iron have also been very 
greatly reduced. A large part of the iron, however, appears to 
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Normal Grey Gneiss 

Altered Grey Gneiss 

Additions and Sub- 
tractions Suffeied by 
the Altered Rock 

SiOj 

TiO, 

AJ 2 O 3 

^6303 

FeO 

CaO 

MgO 

K 2 O. 

NagO 

H 2 O 

Fluorite 

Pyrite. 

Chalcopyrite 

Galena 

Argentite 

Per cent 

65 42 

1.06 

13 68 

4 26 1 

2 88 

6 18 1 

1 38 J 

1 05 

trace 

trace 

trace 

Per cent 

38 80 

0 46 

13 68 

0 27 1 

III 

170 1 

019 J 

2 49 

0 76 

2.68 

015 

0 06 
trace 

Per cent 
-26 62 
-0 59 

-3 99 1 
-2 88 

-4 48 
-1 19 J 
+144 
+0 76 

4-2 68 
+0 16 
+0 06 
trace 

100.00 

62 64 

-42 46 
+5 09 

37 36 

100.00 


have been transformed into pyrite. There are no carbonates 
at all, while a little duorite has formed 

Of course, no microscopic diagnosis of Scheerer’s specimens 
is now available. But from Stelzner’s later separations and 
Schulze’s analysis it is clear that considerable sericite is pres- 
ent. An attempt to calculate Scheerer’s analysis shows at once 
that kaolinite is also present. A rough calculation gives the fol- 
lowing result Quartz, 40; sericite, 32, chlorite, 3.20; kaolin- 
ite, 17.70, titamte, 1.90; fluorite, 1.20 ; pyrite, 4.26, chalco- 
pyrite, 0.23; galena, 0.09; total, 100.58 per cent. 

In this calculation KgO + NugO are taken as a basis for sericite, 
according to Schulze’s analysis ; MgO is calculated as chlorite ; 
the remaining HjO is calculated, with proper quantities of 
AljOj and SiOj, as kaolinite, and there is a small excess of 
OaO, possibly belonging to apatite. determined 

in the analysis. But there remains also an excess of 4 per cent 
of AljOg, which IS inexplicable on the basis of this assumed 
mineral composition , and it is difficult to see how this should 
be treated. Possibly the determination of HgO is a little too 
low. At any rate, a considerable amount of kaolinite is surely 
present. This result is of great interest. The strong leaching 
of SiOa and bases, as well as the presence of kaolinite together 
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with sericite, points to a process and to water very difFeient 
from those by which sencite alone is produced. It is not oat 
of place in this connection to call attention to the presence of 
fluorite and to the close relationship which, as indicated by 
Dalmer, exists between the cassiterite-veins and those of the 
Kiesige BUiformation of the Erzgebirge, a relationship still farther 
emphasized by the occurrence of cassiterite in the Freiberg 
veins Seheerer believed that the grey gneiss, by reason of its 
easily-attacked biotite, had a precipitating influence on the 
mineral waters The red gneiss, containing muscovite in gen- 
eral, carries no large bodies of ore. 

De Lamar, Idaho . — The quartz veins of De Lamar, Idaho, 
belong to that class in which the alteration of the country-rock 
results in sericite, kaolinite and quartz * These ores, which 
carry flnely-divided gold, together with some rich silver min- 
erals, are peculiar, because the quartz now constituting the fill- 
ing is pseudomorphic after a former vein-filling of calcite The 
country-rock has undergone two corresponding changes the 
first consisting in a normal sericitization ; the second in a silici- 
fication, probably under the influence of waters containing 
sulphuric acid. The final result is that the rhyolite is converted 
to a siliGified rock, in which the structure is plainly preserved. 
The phenocrysts of quartz have received aureoles of secondary 
silica , and the feldspars are fully converted into fine-grained 
aggregates of quartz. The composition is as follows • Sericite, 
15.43; kaolinite, 3 81; quartz, 18 73 ; pyrite, 0 90, and water 
(hygroscopic), 0.51; total, 99 38 per cent. 

Expressed quantitatively, the process appears to consist in 
the loss of nearly all of the soda, half of the alumina and 
much of the ferrous and ferric oxide; and finally, in the addition 
of several per cent of silica. The pseudomorphic filling con- 
sists of crossing laminae of quartz, each consisting of a thin plate 
of microcrystalline silica, coated on both sides with small quartz 
crystals. 

The character of the process involved in this change from 
calcite to quartz is probably as follows Oalcite-filling in veins 
is often characterized by a prevalence of long, slender or spear- 
shaped grains. The solutions carrying silica penetrate along 


W. Lindgren, 2<dih Ann Bept U S Oeol Surv , part in , p 178 ei seq 



664 METASOMATIC PBOGBSSES IN BISSXJBE-VBINS. 

the contact-planes of these grams and deposit their plates of 
micro crj^stalline quartz in the place of dissolved calcite , from 
these medial plates small quartz crystals grow into ard gradu- 
ally replace the calcite on both sides The psendomorphic 
plates do not, as a rule, follow the cleavage-planes , hence there 
may be in some eases considerahle difficulty in determining the 
original mineral replaced hy the quartz. The subject is more 
fully treated m my report, cited above 

Summit District, Colorado remarkable ore-deposits 
in the Summit district, Bio G-rande comity, Colo , have been 
described hy E 0. Hills'^ as masses of quartz resulting from 
the alteration and silicification of eruptive rocks along contact- 
planes, especially between rhyolite and trachyte-breccia. The 
quartz, which contains gold, enargite, pyrite, galena and zinc- 
blende, gradually merges into rhyolite, varying in thickness 
from 3 to 30 feet. Thus silicification of the rhyolite is evident, 
and has resulted m a change of the ground-mass to compact 
quartz, while the phenocrysts of that mineral remain intact 
and conspicuous. The sanidme has been removed, and pseu- 
domorphic quartz has been deposited The surrounding rock 
is notably kaolinized, and contains no lime or potash. The 
alteration probably took place less than 800 ft. below the 
original surface. 

The following is suggested in explanation of the chemical 
processes. Silica is practically insoluble in solutions contain- 
ing sulphates and chlorides, hydrogen 8nlp)hide and free sul- 
phuric acid. Tinder these conditions, aluminum silicates are 
dissolved and sulphates or chlorides of alnnainum are formed, 
with simnltaneoLis separation of silica, and to sulphuric acid 
as a reagent the writer believes the alteration to be chiefly due. 
‘Whether the metallic minerals were deposited simultaneously 
with this alteration, or subsequently, is left an open question, 
though it is believed that their simultaneoiiB deposition would 
be possible. 


8 . Seneitic and Cdcitic Gold-Silver Veins. 

This important metasomatic class comprises an enormous 
number of veins, differing widely in age and in the character 


Pm (Jolcnado Sen Soc , vol i , p 20 
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of the country-rock, but usually characterized by quartz-filling, 
enclosing auriferous and argentiferous sulphides (often also free 
gold), while the adjoining rock for a short distance on both 
sides is converted into an aggregate of quartz, sericite and 
calcite, with some metasomatic sulphides Extensive altera- 
tion-zones are not common; and sometimes fresh rock may 
adjoin the vein The relative quantity of sericite and carbon- 
ates may differ considerably, even in the same mine. 

The Gold-Quartz Vans of Calif orma — These, perhaps the 
most prominent representatives of the class, have been studied 
in some detail. The gold-quartz veins of California are 
fissure-veins of Cretaceous age, largely filled with quartz along 
open spaces A small amount of calcite may also occur. The 
ore-minerals comprise native gold, present in a free state at 
all depths reached hitherto, and a small amount of sulphides 
consisting of pyrite (never marcasite and rarely pyrrhotite), 
galena, zinc-blende, arsenopyrite and chalcopyrite. Tellurides 
are often found, but in small quantity only. The veins are 
practically independent of the character of the country-rock, 
cutting almost all the sedimentary and igneous rocks of the 
Sierra llTevada Adjoining the veins the country-rock, for a 
variable distance, but seldom exceeding a few feet, is nearly 
always altered by metasomatic processes. Clay-slates and sili- 
ceous schists have been apparently least affected in this way, 
except that they are generally impregnated with pyrite. More 
detailed chemical examinations will probably show that even 
these rocks have been altered more than their appearance 
would suggest. 

In the ordinary course of the metasomatic process, augite, 
hornblende, epidote, biotite and feldspars are first vigorously 
attacked The ferromagnesian silicates are often converted 
into large foils of muscovite The alteration proceeds along 
cracks and cleavage-planes, and a finely felted aggregate of 
sericite and calcite invades the grains until the replacement is 
complete. Though the ferromagnesian sihcates are, for the 
most part, directly converted into the minerals mentioned, they 
form also a chlorite, very rich in iron, as an intermediate 

'■ W Lindgren, SulL GfeoL Soc A-m., vol vi , pp 221—240 , also m TJ S Geol 
Surv , 14th Ann. Bepi , pt n , pp 249 to 284, and 17th Ann Bept , pt ii , pp 1 to 
262. 
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stage, wMch is converted later into sericite. An interlacing 
structure of sericite foils, tlie triangular or polygonal inter- 
stices of winch are filled with calcite (Fig 12), is often noted 
The quartz is also attacked, hut with more difficulty ; and in 
no case is it completely replaced by the attacking sericite-cai- 
bonate aggregate (Fig. 16). Magnetite seems to be converted 
mostly into ferrous carbonate, and ilmenite to rutile Sharp 
cubes of pyrite form in the new aggregates, but also in the 
fresh primary minerals The only other sulphide found is 
arsenopyrite, which, in some mines, appears as sharply defined 
rhombic crystals. The sulphides sometimes lucliide fibers of 
sericite. The result of the process is the conversion of the 
rock to sericite, carbonates, quartz and pyrite, with retention 
of the original structure as shown m Fig. 27. The alteration 
of serpentine has already been referred to. 

From many analyses the following eight are selected, A and 
Ai, B andBi, etc., being respectively the unaltered and altered 
rock from each locality 


Table I. — Analyses of Metasomatic Rocks from Gold- 
Quartz Veins. 



A 

Ai 

B 


0 

Cl 

D 

Di 



Per 

Per 

Per 

Pei 

Per 

Per 

Pei 



cent 

cent 

cent 

cent 

cent 

cent 

cent 

SiOg 

65 64 

46 13 

45 56 

37 01 

06 66 

56 25 

51.01 

46 74 

TlOo 

89 

67 

1 11 

86 

38 

25 

.98 

36 

AljO, . 

16 52 

16 82 

14 15 

12 99 

16 15 

17 65 

11 89 

6 29 

Fe-Og 

1 40 

89 

1 20 

43 

1 52 

.76 

1 57 

13 

FeO. 

2,49 

2 27 

9 83 

3 67 

2.36 

2 64 

6 08 

2 06 

FeSg 


1 61 

7 86 

7 99 

02 

2 87 

178^ 

49 

CujS 



10 

trace 



tiace 


MnO 

06 

09 

25 

.24 

10 

none 

trace 

.26 

NiO, ZnO 


trace 

trace 

trace 





OaO' .... 

4 88 

10 68 

2 30 

9 78 

4 53 

4 46 

30 36 

23 85 

SrO 

not det 

trace 

trace 

trace 

trace 


none 

none 

BaO . 

not det 

tiace 

trace 

tiace 

07 

03 

none 

trace 

MgO 

2 62 

213 

6 76 

6 49 

1 74 

1 69 

8 87 

94 

KjO 

1 95 

5 30 

1 18 

4 02 

2 65, 

6 01 

15 

1 29 

. . . 

4 09 

17 

157 

.13 

3 40: 

30 

417 

.11 

LijO 


tiace 

trace 

trace 

trace 



trace 

HsO below 110° C 


12 

23 

i 13 

18 

30 

24 

22 

H^O above 110° C 

69 

2 42 

4 84 

192 

72' 

2 36 

2 09 

1 07 

VO, 

.18 

10 

14* 

06 

10 

.21 

17 

07 

SOg . 



.03 

04 





CO 2 


11 24 

3 04 

15 04 


4 82 


18 91 

Total. 

j 100 61 

99 64 

100 15 

99 69 


100.60 

99.31 

100 79 


Probably present as Fe^Sg 
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A, Fiesli granodioiite, Lincoln, Placer Co Though not adjoining the vein, it 
indicates closely the actual composition of the fresh wall-iock W F Hille- 
brand, analyst — Ai, Altered gianodioiite, Plantz vein, Ophir, Placei Co W 
F Hillebiand, analyst — B, Amphibolite schist, Mina Kica vein, Ophir, Placer 
Co Fairly fiesh, but contains pyiite and calcite W F Hillebiand, analyst — 
Bi, Completely altered amphibolite schist, Coniad vein, Oplni, Placer Co AY 
P Plillebrand, analyst — C, Fiesh granodiorite, Nevada City, Nevada Co W F 
Hillebiand, analyst — C,, Altered granodiorite, Bellefountain mine, Nevada 
City Geoige Steigei, analyst — Fresh diabase. Grass Valley N H Stokes, 
analyst — D^, Altered diabase. North Star mine, Grass Valley W F liille- 
biand, analyst 

From the chemical and microscopical data the following 
compositions may be calculated (see reports cited). The only 
difference from the sources quoted is due to the fact that hy later 
chemical examination the titanium mineral present has been 
shown to be rutile instead of titanite. 


Table II — Mineralogical Composition of the Altered Rocks 
of Table I 



Ai 


Cl 

Di 


Pei cent 

Per cent 

Per cent 

Per cent 

Quartz 

16 00 

24 00 

25 00 

35 00 

Sericite (with a little chlorite) 

41 76 

46 97 

61 46 

21 20 

Calcite 

17 53 

18 87 

7 23 

42 15 

Magnesite 

9 67 

2 93 

2 70 

71 

Sidente 

5 76 

3 67 

58 


Ehodomte 

42 

14 



Eutile 

85 

67 

i 26 

36 

Pyrite . 

7 99 

1 61 

2 87 

50 

Apatite 

13 

22 

1 46 

.15 

Total 

100 11 

99 08 

100 55 

100 07 


As it seems probable that the alumina has remained fairly 
constant in the first three pairs of analyses in Table I , they 
may be directly compared for an approximate review of tlie 
cbemical changes aftected. A recalculation on the basis of 
constant alumina seemed scarcely worth while. 

The silica has been in all cases greatly reduced. Except in 
A, which is not from the immediate vicinity of the vein of A^, 
the titanic acid has decreased. Ferrous and ferric oxide are 
both reduced — the latter more than the former ; and the whole 
or a part of this loss reappears as pyrite. Lime shows great 
increase except in C, where it is constant Baryta in C shows 
partial loss. The loss of magnesia is considerable, except in C, 
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where it is slight. Potassa is strongly increased throughout, 
and there is a corresponding loss of soda 

Pi differs from the rest m an exceptionally high percentage 
of introduced lime and earbon-dioxide, and a corresponding 
loss of magnesia. Moreover, the alumina is so low that re- 
moval of this constituent must he supposed to have taken 
place. 

The characteristic features of the process seem to consist in 
the decrease of silica, magnesia and soda, and increase of lime, 
potassa and carbon-dioxide — this caleitic altered rock strongly 
contrasting with the quartz-filled veins. Biifficient data are not 
available for the accurate determination of change of volume 
during the process, and of the actual losses and gains. They 
could probably he determined by analyses and specific gravity' 
determinations of very carefully selected samples of the fresh 
rocks, and of altered rocks immediately adjacent to them. It 
seems probable that, in most cases, the added material has 
more than balanced the losses. 

Idaho Types — ^In the Kocky Mountain region appear other 
types related to that of California. These gold-quartz veins 
cut granites, diorites and various porphyries, and, like the 
California veins, are of pre-Tertiary, probably Cretaceous, age. 
They carry a strong percentage of sulphurets, but generally 
only a subordinate amount of free gold, most of the gold being 
closely held in the sulphides. The filling constitutes the rich 
ore, but the narrow zone of metasomatie rock may also yield 
some low-grade ore. In general character, the metasomatie 
action IS similar to that of the California veins, though the de- 
tails of chemical change may differ. G-alena, zinc-blende and 
chalcopyrite, and occasionally also free gold, may appear in the 
altered rocks. The carbonates are less plentiful, and lime is 
more often subtracted than added. The following analyses il- 
lustrate the chemical changes in two prominent types. E and 
Ej are the fresh and altered rock from Willow Creek district, 
Boise county. The narrow quartz-veins carry scarcely any free 
gold, hut much auriferous galena, pyrite, arsenopyrite and 
zine-hlende F and Ej are the fresh and altered rock from the 
Croesus mine, Wood River district, Blaine county. The nar- 
row streaks of filling here consist of quartz, siderite, pyrrhotite 
and chalcopyrite, with a little galena, arsenopyrite and zinc- 
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blende. Here again only a fraction of the gold is in free state 
The ore contains very little silver, 


Table III , — Analyses of Fresh and Altered Rods from Gold- 
Quartz Veins. ■\ 




El 

E 

Pi 

S 102 

65 23 

66 66 

57 78 

58 01 

T 102 

66 

49 

1 01 

1 08 

A 1203 

16 94 

14 26 

16 28 

15 72 

Fe^Os 

1 60 

.67 

1 02 

64 

FeO 

191 

1 33 

4 92 

3 87 

CoO, NiO 



02 

none 

MnO 

trace 

trace 

15 

17 

CaO 

3 85 

3 37 

6 65 

2 15 

SrO 



07 

none 

BaO 

19 

none 

12 

tiace ’ 

MgO 

1 31 

96 

4 60 

2 07 


3 02 

419 

2 22 

4 79 


3 57 

none 

3 25 

10 

HjO below 100 ° 0 . 

18 

36 

34 

31 

HaO above 100 ° 0 

88 

216 

92 

2 71 

F2O6 

19 

17 

SO 

31 

CO 3 

25 

3 67 

15 

2 86 

8 .... 

none 

95 

02 

1 25 

Fe 


84 


1 52 

Co, Ni 




12 

Pb 




86 

Cu ... 




05 

As 




1 65 

Total 

99 78 

100 07 

99 82 

100.24 


E, Fresli granitic lock immediately adjoining tke Silver Wreath, quartz vem> 
Willow Creek, Idaho Ei, Altered rock, adjoining the same vein F, Fresh 
quartz-pyroxene-diorite, adjoining the Croesus vein, Hailey, Idaho. F^, Altered 
rock adjoining the same vein 

The composition of the altered rocks may be calculated as 
shown in table on page 670. 

The appearance of the altered rock Fi from the Croesus 
mine is shown in Fig. 25. 

The specific gravity of E is 2.714 From the mineralogical 
composition given in the report quoted the specific gravity is 
calculated to 2.720, which is a close agreement, the difference 
possibly indicating a very slight porosity f 


For full calculations and description of E and see W Lindgren, IStli Ann 
B&pt U. 8 Geol Surv , part iii , p 640 ; for F and Fj see W Lindgren, 2Qth 
Ann. Bept U. 8 Geol 8uiv., partm , p. 211-232 
f Analyst, W F Hillebrand 

t In this calculation the following figures for specific gravity are used quartz, 
2.65 ; sericite, 2 83 , hiotite, 3 00 , oligodase, 2 65 , orthoclase, 2 56. 
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Table IX, — Mineralogical Gomposition of and in 
Table III. 



El 

Fi 

Quartz 

42 00 

36 18 

Senate 

46 84 

38 18 

Chlorite 


11 76 

Calcite 

4 80 

3 11 

Magnesite 

1 96 

1 26 

Sidente 

1 45 

2 19 

Entile . 

49 

1 08 

Apatite 


72 

Pvnte 

1 78 

58 

Pyirhotite 


15 

Zmc-blende. 


tiace 

Galena 


' 99 

Chalcopynte 


16 

Arsenopynte 


3 58 

Total 

99 32 

99 93 


Tlie measured specific gravity of is 2 774, indicating tliat 
the rock alters to denser minerals. The calculation of the 
same specific gravity from Table IV. gives 2 796, which shows 
a decided porosity of the altered rock. Under these circum- 
stances, no evidence of pressure being noted, it maybe assumed 
with fair accuracy that no considerable change in volume has 
taken place , and by multiplying the percentages of E and Ej 
by 2,714 and 2 774 respectively, and comparing the results, the 
absolute gams and losses per cubic meter may be obtained (see 
Table V). 

In the same manner the measured specific gravities of E and 
E^ are compared with the calculated specific gravities. *• This 
shows that similar conditions prevail here, the porosity being 
greater. By multiplying the percentages of E and Ej by the 
measured specific gravities, and comparing these data, the ab- 
solute gains and losses are again obtained 

During the alteration of E to E^, 291 kilograms were added 
and 229 lost per cubic meter; the net total being a gain of 62 
kilos During the alteration of F to E^, 416 kilograms were 
added and 333 lost per cubic meter ; the net total being a gain 
83 kilos. 

A perusal of the table will show very similar results in the 


~ '2.0th Ann Bept U S Geol Ban , paitm., pp 211-232 
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Table V — G-ains and Losses per Cubic Meter of JE and _P, 
Table III. 



E 

P 

Gain 

Lo'is 

Gain 

Loss 

Per Cubic Meter 
of E 

Percentage of, foi 
Each Constituent 

Per Cubic Meter 
of E 

Percentage of, for 
Each Constituent 

Pei Cubic Meter 
of F 

Percentage of, foi 
Each Constituent 

a 

0 

ft 

Percentage of, for 
Each Constituent 



Per 


Per 


Per 




Kilos 

cent 

Kilos 

cent 

Kilos 

cent 

Kilos 

cent 

S 102 

79 

45 



48 

2.9 



TiO, 



4 

22 2 

2 

69 



AlA 



64 

13 9 



4 

9 

FcjOa 



24 

55 8 



10 

84 5 

FeO 



15 

28 8 



27 

19 4 

0 

d 







1 

100 0 

MnO 





1 

25 0 



CaO 



11 

10 5 



126 

67 0 

SrO 







2 

100 0 

BaO . 



5 

1000 



4 

100 0 

MgO 



9 

25 7 



70 

53 9 

K 2 O 

34 

415 



76 

120 6 



NajO 



97 

100 0 



89 

96 7 

HjO above 106° C 

36 

150 0 



63 

203 8 




0 


0 


0 


0 


co/ 

93 

nearly 



79 

nearly 





all 




all 



s 

26 

all 



86 

nearly 









aU 



Fe 

23 

all 



44 

all 



Co, Ni 





4 

all 



Pb 





24 

aU 



Cu 





2 

all. 



As. 





48 

all 



Total 

291 


229 


416 


833 



two rocks a moderate addition of silica and a strong gain of 
potassa, nearly complete loss of soda, baryta and strontia; 
partial loss of alnmina, magnesia and lime, F, however, losing 
much more lime than E. In Ei the amounts lost of FCjOg and 
EeO are nearly completely converted into Ee (in FeS2). In F 
these losses are less and not sufficient to account for the gain of 
Fe; consequently iron must have been added. Phosphoric 
acid 18 constant, consistently with the fresh state of the apatite. 

San Juan, Colorado —In the San Juan region, southwestern 
Colorado, are vast eruptive masses of andesites and rhyolites, 
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with their accompanjing tuffs and breccias. Some of the gold- 
quartz veins of Tertiary age occurring in these rocks at Tellu- 
ride have been described by Mr. 0. W. Purington.'’ The ores 
consist of quartz containing native gold, with pyrite, galena and 
other sulphides. In some localities silver is also present in con- 
siderable amount The principal gangue is quartz, thougli car- 
bonates also are occasionally present, and huorite in consider- 
able quantities is mentioned from the Tomboy vein. This is 
worthy of note; since, in ordinary gold-quartz veins fluorite, 
if not entirely absent, at least is exceedingly rare. The quartz 
forms, as a rule, a well-defined filling of open cavities, and the 
principal ore is of this character, and not altered country-rock. 
There are, however, more or less wide zones of partial altera- 
tion alongside the veins. The veins are often accompanied by 
large amounts of white, soft clay-like material, which probably 
is extremely altered country-rock All of this appears to be 
seiicite. Mr. Puriugtou mentions having failed to establish the 
presence of kaolinite, except in one or two places Tlie ordi- 
nary course of alteration in the diorites, andesites and breccias 
is distinguished by the development of much cal cite and seri- 
cite, and is consequently very similar to the motasomatic pro- 
cesses characterizing the California quartz-veins. The altered 
rocks contain small, abundant and sharply defined crystals of 
pyrite, more rarely of galena Much of this pyrite fills the 
spaces formerly occupied by ferro-magiiesian silicates This 
pyrite is of low value, compared with the massive mineral oc- 
curring m the vein-filling. The percentage of silica in the al- 
tered rock is low, and contrasts with the abundant quartz on 
the veins. 

Rhyolite adjoining the veins is changed to felted sericite and 
some carbonates, as well as pyrite. 

As an exceptional process Mr. Purington mentions a complete 
sihcificatioii of the diorite from the hanging-wall of the Butter- 
fly vein, in the Ternble mine. This diorite, which consists of 
lahradorite, hornblende and a little biotite, shows a complete 
replacement of the feldspar by cryptocrystalline silica, while 
the hornblende is replaced by pyrite. There is a little sericite, 
hut no carbonate present. The cause of this abnormal altera- 


18 th Ann Bept U. S Oeol. /Surw , part iii , pp 745-846. 



MBTASOMATIC PEOCBSSES IF I’ISSUEE-VEINS. 678 

tion might be m a local occurrence of waters in wMcb the HaS 
had been oxidized to HaSO^. A partial analysis of the silicified 


diorite runs as follows 

Per cent 

S1O2 

70 30 

AI2O3, 

20 00 

MgO, 

0 31 

CaO, 

0 27 

K2O, 

1 78 

Na^O, 

. 0 64 


The large percentage of alumina indicates the presence of 
kaolinite, so commonly accompanying silicification Sencite is 
also present. 

A further instance of silicification in part, probably, due to 
cementation, is mentioned in the case of certain sedimentary 
rocks adjoining the vein. Here again it is accompanied by a 
development of pyrite , and the silicificatiou extends to a dis- 
tance of 15 feet from the vein. 

The Treadwell Mine, Alaska . — ^According to G- F. Becker, f 
the country-rock of the celebrated Treadwell mine consists of 
a sodium syenite, which is strongly altered and traversed by 
small seams, carrying a value chiefly in gold The whole mass 
of seams and country-rock is mined and milled. The process of 
alteration consists in a change of the albite, which is the pre- 
dominant mineral, into carbonates and pyrite. Sencite is also 
present, as well as a little chlorite. 

Q-old-Yeins of Ontam, Canada . — Peter McKellar| describes 
qi uartz-vems in granite of W estern Ontario at Lake of the W oods, 
which are supposed to be of Archean age. The quartz-veins 
are only from 8 to 4 in. wide containing auriferous sulphides 
of copper, lead, zinc and bismuth. These narrow veins are 
adjoined by from 2 to 6 ft. of altered granite, largely consisting 
of a greenish fine-grained mineral, probably sericite. Some of 
this altered granite contains gold, and from 0.5 to 3 per cent 
of auriferous pyrite, while the above mentioned sulphides rarely 
appear in it. The principal ore consists of this altered rock 

Schwarzwald Fissure- Veins . — ^Much material of interest relat- 
ing to the alteration of country-rock is found in the well-known 


Including FeaCg, T 1 O 2 , and PjOg 
f 18i^ Anntial Heport U S Geol Surv , part iii , p 64 
t Trans., xxix , 104 (1899) 
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investigations of Prof. Sandberger.'’' In his discussions, as 
may be expected, superficial weathering is not always strictly 
separated from deep-seated alteration In the fissure-veins of 
Sehapbach, in the Schwarzwald, biotite of the granitic country- 
rock yields a chlorite rich in iron and a substance supposed to 
be pilite. The decomposition (alteration ?) of the gneiss in the 
same districts yields a mineral which Sandberger calls hy- 
grophilite, derived from the alteration of oligoclasc. It has a 
specific gravity of 2.70, and is closely allied to muscovite, if 
not identical with it. The alteration of the schistose gneiss 
near the veins, involving a formation of hygrophilite from oli- 
goclase, shows a concentration of KjO and a decrease of IllaaO. 
In one instance a conversion to carbonates was also noted. For 
a certain distance on both sides of the veins the rock is soft- 
ened and altered. The extent of this alteration, which is sup- 
posed to be favorable to the occurrence of rich ore-bodies, cor- 
responds to the extent over which its principal leaching has 
taken place. Sandberger thus derives the minerals of his veins 
directly from the adjoining country-rock. He further says .'f 

“It IS of tlie gieatest impoitance for tke understanding of the veins occur- 
ring in this granite area to examine the alterations which the rock has suffered by 
means of waters containing carbonic acid, and by means of weathering with free 
access of atmospheric oxygen ” 

In the silver-veins of Wittich, Schwarzwald, Prof. Sandber- 
ger finds that the alteration of the biotite is accompanied by 
the separation of TiOg as anatase or brookite. The oligoclase 
is transformed to a kind of jiinitoid which Sandberger calls 
lepidomorphite, and which may simply be an impure and mi- 
crocrystalline muscovite. Two analyses are given f of fresh 
and altered granite, the latter occurring close to a vein. The 
composition of the altered rock is almost the same as that of 
the fresh, except that a little iron, somewhat over one per cent, 
of lime, and an equal amount of magnesia, have been carried 
away. The potash remains practically constant, while about 
one-half per cent, of soda has been lost The silica has suf- 
fered an increase of 2.5 per cent., the alumina of 1 per cent. 
Sandberger remarks with good reason that these slight changes 


* Vntersmihungen uber EragangSt i. and n 
t Op at., ii , p 343 


f Op cit , ii., p. 347 
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could very well have heen effected by waters containing a little 
carbon dioxide. 

Near the vein of Wittichen the ore-minerals are not confined 
to the fissure, but are also present to a remarkable extent in the 
altered rock adjoining it. The gangue is here quartz, barite, 
calcite and ffuorite. The ores consist of native silver and vari- 
ous cobalt-minerals. The ore-minerals mentioned, accompanied 
by small crystals of chalcopyrite, occur abundantly in the 
altered granite The veins traverse not only the granite but 
also the overlying Penman formation, although in these hori- 
zontal rocks they lose their mineral contents almost completely. 
They are rich only in the altered granite, the ohgoclase and 
mica of which have been completely, and the orthoclase par- 
tially altered. It is acknowledged that these veins were formed 
when 1500 feet of rocks rested on the granite, and that conse- 
quently the temperature and pressure must have been higher 
than at the surface. In conformity with Prof. Sandberger’s 
well-known views, the sulphides occurring on the veins are ex- 
plained by reduction of sulphates. 

The veins of Schapbach may be comiiared with those de- 
scribed from the Central Plateau of France by Baubree. The 
similarity in occurrence, gangue and ores is very striking; 
only, in the case of the latter we have undoubted proof of their 
intimate connection with actual ascending springs 

9. Siliac and Calcitic Cinnabar- Veins. 

The quicksilver-deposits of the Pacific Coast have been de- 
scribed by G-. F. Becker.’*' The cinnabar occurs chiefly in 
zones of fracture or in fissure-veins, and is almost always asso- 
ciated with quartz and chalcedonic aggregates Opal is very 
commonly present in the ores, but the suljihide of mercury is 
very rarely if ever directly imbedded in it The main deposit 
of opal preceded that of cinnabar and quartz. 

Yarious rocks, such as diabase, chorite and serpentine, are 
adj'acent to the quicksilver-veins. These rocks are nearly 
always more or less altered and converted into dolomitic car- 
bonates. Many of them are also silicified, being converted into 
opal. Serpentine especially is often transformed in this man- 

* Monograph XIII , TI S Geol Smv 


VOL XXX— 42 
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aer, and all transitions between the fresh rock and the pure 
opal may be found ; the latter may retain the color and struc- 
ture of serpentine. Certain glaucophaiies from the Lake 
Quicksilver mine are altered into microcrystalline quartz. 
Although Mr. Becker recognizes the fact that the country-rock 
has been altered by carbonization and silieificatioiij he insists 
that the cinnabar has been exclusively deposited in open spaces, 
and does not appear as a product of direct replacement of the 
wall-rock. The qnicksilver-deposits are of special interest, be- 
cause their intimate connection with ascending alkaline waters 
has been proved. These waters contain but little free carbon 
dioxide, earthy carbonates and earthy sulphates, but consider- 
able sodic bicarbonate and sodic chloride, and some hydrogen 
sulphide. 

10. Sencihc Copper-Silver Veins. 

The copper- veins of Butte, Montana, which have been de- 
scribed by Emmons, Weed and Tower,* form an excellent illus- 
tration of this class and, according to Mr. Emmons, arc typical 
replacement- veins. The deposits appear along well-dohned fis- 
sures in granitic rocks ; the principal gaiigue-mineral is quartz, 
the primary ores are pyrite, chalcopyrite, zinc-blende and 
galena. Bornite, cbalcocite and covellite are regarded as sul- 
phides formed later under secondary influences. In the vicinity 
of the veins the country-rock is impregnated with vein-mate- 
rial, generally pyrite and quartz. An impregnation of enar- 
gite has also been observed. Sericite and, later, kaolin have 
also been developed in the rock. The extent of the altered 
zone is generally proportional to the size of the ore-bodies, and 
may extend to a distance of 100 feet from the vein. Acoordiug 
to the proportion of copper in such an altered mass it may con- 
stitute pay-ore or be considered as barren material 

11. Sihcie and Dolomitie Silver-Lead Veins. 

The association of silver-lead deposits with limestone and 
other calcareous sedimentary rocks is a well-known fact, occur- 
ring again and again in all parts of the world. Very many of 
these deposits are not fissure-vems, or connected with such. 
But even among those genetically related to fissures, the ores 


jPolio S8, U S Oeol iSurv 
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seldom form 'well-defined tabular masses, but occur mostly as 
irregular bodies, while the duets through which the solutions 
found access have received but scanty deposits of ore. This is 
due to the great tendency of galena and zmc-blende, which in 
these deposits form the principal ore-minerals, to replace the 
limestone Beyond doubt such a replacement very often occurs. 
It w as convincingly established by Mr, Emmons in Leadville, 
Colo., and by Mr Curtis m Eureka, ilev. In both these 
cases the demonstration was furnished by the study of struc- 
tural relations, without the aid of microscopic examination. 
Indeed, the latter was scarcely possible, since in both these 
mining districts operations were still in the zone of oxidation, 
which obscured the relations of primary ore-minerals to the 
limestone Since these reports were published, the conditions 
governing the replacement of the galena have not been greatly 
elucidated, except in Spurr’s study of the Aspen district. The 
chemical reactions involved were, and are yet, in some doubt , 
the principal question being whether the galena was reduced 
from solution of sulphate of lead or deposited from sulphide so- 
lution (see p. 617). The microscopic study of the attending 
phenomena must help to settle this point. 

The ores are accompanied either by a gangue of jasperoid, 
cherty rocks chiefly composed of silica, or by different carbon- 
ates, such as calcite, dolomite or siderite. (Those accompanied 
by a siderite gangue will be treated as a separate class ) 
Sericitic minerals are absent. The gangue-minerals mentioned 
have also very largely replaced the limestone. 

In the Elkhorn mine, Mont., studied by W H, "Weed,* 
bodies of galena appear in a crystalline limestone and are di- 
rectly connected with a fissure-vein. The beginnings of replace- 
ment are shown in specks of intergrown galena and pyrite, scat- 
tered through the rock, and always accompanied by small 
crystals of secondary quartz The larger grains of galena are 
surrounded by a narrow rim of pyrite (see page 617 and Fig 
29). 

Mr Emmons describes the fissure-veiu of the Queen of the 
West mine, Ten Mile district, f Colorado The principal fissure 
is partly filled with barren calcite, while galena and blende re- 


Unpublished notes 


t Folio 48, U S Geol Surv 
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place tke coiintry-rock, consisting of sandstone and intercalated 
sheets of porphyry. The vein is characterised, besides, by a 
number of parallel fault-planes, from which replacement has 
taken place. 

As^en^ Colorado . — ^Mr. Spurr, in his description of the Aspen 
district,'-*' with its wonderfully complicated system of faults, has 
given a valuable description of the metasomatic processes there 
observed. The Aspen deposits are not, strictly speaking, fis- 
sure-veins. The ores form irregular bodies of lead- and silver- 
minerals in limestone ; but these irregular bodies are closely 
connected, genetically, with faults which yielded a pathway for 
the ascending waters The processes consist in dolomitization, 
ferration, silicifieation, and lastly, the introduction of metallic 
sulphides The ores occur in part as filling of pre-existing 
cavities, but more generally replace the limestone adjoining the 
fissures. The dolomitization which proceeds irregularly from 
the fissures is well shown under the microscope, the coarse cal- 
cite being broken up into smaller rhombohedral crystals of the 
yellowish tinge characteristic of dolomite. Sihcificatiou usually 
accompanies dolomitization In the limestones the process goes 
on in the following manner. Many tiny quartz-grains first ap- 
pear scattered through the rock, chiefly along areas of slight 
shearing or fracture (Fig 8). Here and there appear long slen- 
der quartz crystals, entirely surrounded by fresh limestone. As 
sihcificatiou proceeds, the slender crystals multiply, forming a 
characteristic network, sometimes enclosing small areas of cal- 
eite which are sprinkled with small, irregular quartz-grains, 
down to the most minute dimensions. The final result is a 
rock made up of crystalline quartz-grains of varying size, in 
which the retiform structure is still apparent (Fig. 4), and 
which rock resembles a chert or a fine-grained and altered 
quartzite, and is generally somewhat porous, drusy, aucl also 
often colored red or yellow. In structure, appearance and ori- 
gin, this cherty rock is identical with the jaspers of Lake Supe- 
rior. Mr. Spurr proposes “jasperoid” as a term for this rock, 
consisting essentially of cryptocrystalline, chalcedonic or phan- 
ero-crystalline silica formed by the replacement of other rocks, 
chiefiy limestone At Aspen this jasperoid forms big reefs 
along fault-lines. 


jr E Spurr, Monograph XXXI , U S. Qeol Sun 
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Dolomitization and silicification are always accompanied by 
a certain amount of ferration. Usually the iron appears in the 
partly silieiiied rocks as small rhombohedroiis of siderite ; but 
pyrite is also present, and in many eases the two minerals have 
been deposited simultaneously. 

In the final process of mineralization, the altered limestone 
18 always traversed by reticulated fractures. In every case the 
ores are first introduced along these crevices , and often this is 
the only method of mineralization With greater alteration, 
metallic minerals penetrated from the fractures into the rock 
on both sides. The solutions traveled between adjacent crys- 
tals of calcite or dolomite, and also along the cleavage-planes 
of these minerals In this manner a still finer network was 
formed, which, by spreading and consolidation, resulted in a 
continuous mass of sulphides. There is no doubt, Mr. Spurr 
says, that this is an actual process of replacement ; the calcite 
or dolomite being taken up, molecule by molecule, and replaced 
by metallic minerals. The sulphides are often accompanied by 
granular quartz and dolomite, the relations of which show that 
they have been simultaneously deposited. 

12 Sidenhe Silver- Lead Veins 

In this class, which, like the preceding, ordinarily occurs in 
sedimentary rocks, not much secondary silica is formed. The 
principal gangue-miiieral is siderite, often accompanied by other 
carbonates, and nearly always also with some pyrite ; in fact 
the co-existence of pyrite (often also marcasite) and siderite is 
a notable feature. The other principal ores are galena and 
zinc-blende The Eureka, Uev , deposits probably belong to 
this type. 

Wood Biver, Idaho. — ^Prominent representatives of this class 
are the Wood river silver-lead veins, near Hailey, Idaho,* 
which occur chiefiy in calcareous carboniferous shale, and are 
of pre-Miocene age In the structure of the vein and arrange- 
ment of the ore-bodies replacement is clearly indicated , and 
galena often occurs as scattered grains throughout the shale. 
But some filling of pre-existing cavities has also taken place 

The rocks clearly contain much organic material ; and the 
theory of deposition by the reduction of lead sulphate is pos- 

” W. Lxndgien, 2Qth Ann. Jtept U S Geol Swiv , part iii , pp 190 to 231 
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BiWy applicable. But this argument is greatly weakened by 
tbe occurrence of veins of tbe same composition in a neighbor- 
ing body of granite. 

Cmwr d^Alene Mountains, JdaAo.— There exist, perhaps, no 
better instances of metasomatic fissure-veins than the celebrated 
silver-lead deposits of the Coeur d’Alene mountains, in Northern 
Idaho. They are clearly defined fissure-veins cutting fine- 
grained greenish quartzites and quartzitic slates of doubtful 
(though probably Algonkian) age. The principal ores are 
galena and zinc-blende, but there is also much finely distributed 
pyrite. Ohalcopyrite is ordinarily absent. These are prac- 
tically the only metallic minerals, and recur in all the deposits. 
The principal gangue-mineral is siderite, accompanied by minor 
quantities of quartz and barite. Fluorite is absent. The fis- 
sures along which the ore-hodies appear are well defined, and 
sometimes continuous for one or more miles. The ore-bodies 
do not show much clearly defined crustification or other evi- 
dence of having been deposited in open spaces. The siderite 
appears always as an undoubted product of replacement, while 
many vcinlets of quartz have in part resulted from the filling 
of open small fissures Evidences of gradual transitions from 
ore to country-rock are abundant, and are especially prominent 
in the mines carrying low-grade ore, as, for instance, in the 
Helena and Frisco In the exposures underground, as well as 
in the specimens and thin sections, the evidence of replacement 
is complete and positive. 

The greenish-grey fine-grained quartzite, which constitutes 
the prevailing country-rock, contains no sulphides when fresh. 
It is composed of small, rounded, or subangular quartz grains, 
closely packed — often, indeed, jointing closely, as in a normal 
quartzite. Usually, however, a little sericite, in bunches of 
small fibers, is present as cementing material between the 
grains. This sericite is apparently an autogenetic mineral, 
formed during the metamorphism of the sandstone to a quartz- 
ite. Occasionally small foils of it project into the quartz, show- 
ing a slight incipient sericitization of the latter mineral. There 
are few other minerals, except a little feldspar m clastic grains, 
small prisms of tourmaline, and some grains of calcite. Near 
the veins minute specks of siderite,' zinc-hlende, pyrite and 
galena appear in this quartzite; and these scattered grains 
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gradually merge into bodies containing 3 per cent, and more 
of galena, thus forming a merchantable ore. The thin sections 
show how the rock near the veins is filled with small grains of 
branching and irregular form, which consist of siderite, de- 
velojied by attack first upon the ground-mass and then upon 
the grains of clastic quartz. This process is well shown in 
Fig. 16, which 18 reproduced from a thin section of Helena and 
Frisco country-rock Accompanying the siderite are small 
grains of zmc-blende, cubes of pyrite and irregular wiry masses 
of galena. All these sulphides appear not only in or near the 
siderite, but also in the cementing sencite, and in the apparently 
perfectly fresh quartz grains 

At a more advanced stage (Fig. 17) these areas of siderite 
extend until they join, and thus completely replace the rock. 
In the specimen from which Fig 17 was taken, masses of sid- 
erite are seen to be merging gradually into the fresh quartzite. 
In the resulting ore he scattered many small quartz grains, 
representing remnants of the clastic constituents of the quartz- 
ite. Occasionally larger masses of zinc-blende appear to form 
directly in the quartzite by metasomatic replacement of the 
quartz. The sencite in the quartz then disappears, though 
once in a while small foils of it may be detected During the 
transition stage, seams and narrow veinlets in the altering rock 
are filled with sencite, apparently segregated there, when driven 
out from the mam mass In other specimens from the Helena 
and Frisco mine, the replacing siderite has a strong tendency 
to idiomorphic development. Imperfect rhombohedral forms 
are often seen, sometimes cutting straight across the clastic 
grains (Fig. 18) Certain specimens from the Bunker Hill and 
Sullivan mine show quartzose greyish masses of irregular out- 
line, and apparently merging gradually into the normal green- 
ish quartzite. These quartzose masses consist of very irregular 
interlocking grains of quartz, not in the least similar to the 
quartz usually deposited by processes of filling, but having 
every appearance of resulting from the silicification of the 
quartzite. This sihcified portion contains irregular grains of 
pyrite, galena and brown zinc-blende, with a very little siderite. 

The process, as outlined, is remarkable, as involving a meta- 
somatic replacement of quartz by siderite, pyrite, galena and 
zinc-blende, and is the only clearly defined occurrence of this 
kind of which I am aware. 
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This description would not be complete without mention of 
certain interesting veinlets produced by replacement in the 
Bunker Hill and Sullivan quartzite. Certain specimens from 
this mine show a dark greyish-green, very fine-grained quartz- 
ite, traversed by minute veinlets, carrying quartz and sur- 
rounded by a greenish material Under the microscope the 
rock is seen to be a typical fine-grained quartzite or quartzitic 
sandstone. The grains are separated, not only by fibers of 
muscovite, but also by a green mica, probably related to bio- 
tite. The veinlets are clearly formed hy replacement along 
narrow cracks, and contain a mass of green mica in fine dis- 
tribution, diminishing away from the seam, together with 
quartz, garnet, brown zinc-blende, and small prisms of tourma- 
line, and a small quantity of galena. I have mentioned these 
peculiar products of replacement because they differ so com- 
pletely from the deposits as described above Their formation 
must he sought in some local cause, involving a change in the 
mineral-bearing solutions, or in the conditions of the deposi- 
tion. The presence of garnet in these veinlets is especially re- 
markable, as this mineral rarely occurs in fissure-veins. 

13 Sencitie Lead-Silver Veins 

The Clausthal Veins — The alterations produced in the clay 
slates adjoining the vein-system of Clausthal have been de- 
scribed by V G-roddeck.''' The fissure-veins at Clausthal, which 
principally carry galena, pyrite and zme-blonde m quartzose 
gangue, are enclosed in black clay slate belonging to the Culm 
formation; and to the eye these slates, when enclosed in the 
vein or lying close to it, ordinarily present no alteration, except 
such as may result from mechanical deformation or crushing 
By a series of analyses, v. Groddeck has shown that, as a mat- 
ter of fact, these wall-rocks have suffered alteration consider- 
able in degree, although not apparent to the eye Some aver- 
age analyses are given in Table YI. 

Comparing the first two analyses, it is apparent that a largo 
part of the protoxide of iron has been carried away, and that 
at the same time the magnesia has been considerably reduced. 
These subtractions result in an apparent increase of the other 

* “ Studien uber Tbonschiefer, Gangthonschiefer und SeMcitscbiefer ” Jahr- 
buch der konigl pj mss geol Landesanstalt, 1885, pp. 1 to 53 
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Table YI. — Analyses of Clausthal Books. 



I 

11 

III 

SiO, 

A120') 

Per cent 

Pei cent 


56 59 

59 31 

79 12 

23 14 

23 72 

13 93 

FeaOg 

61 

1 13 

44 

FeO 

MnO 

4 87 

1.06 

MgO 

1 80 

1 11 


OaO 

i .35 

3b 


KjO 

3 05 

3 91 

3 18 

ISTaaO 

H 2 O 

75 

80 

64 

4 01 

4 60 

1 56 

Eutile 

38 

; 23 

not dt 

Caihon 

64 

1 95 

not dt 

Pyrite 

67 

85 

not dt 

Apatite 1 

14 1 


not dt 

Carbonates 

2 56 

2 02 

1 60 


I Black normal clay slate of the Culm formation Ayerage of thiee analy- 
ses —II Black clay slate adjoining the yein or enclosed in it Average of seven 
analyses These black altered clay slates aie always present in or along the 
veins — III Variegated clay slate adjoining the vein Average of foui analyses 
These vaiiegated slates are apparently extreme forms of alteration, and aie con- 
spicuous by means of their led or yellow color It is remarked, however, that 
tins form of alteration is an unusual one, only appearing locally in a few mines 
The processes to which these altered rocks have been subjected are considered to 
have been different in kind fiom those producing the ordinary black altered 
slates 

constituents. Very notable is the fact that the alkalies remain 
nearly constant, and that no soda has been subtracted — a most 
unusual case. The lime, rutile, carbon, pynte and carbonate 
have suffered hut little change The amount of alumina is 
almost identical in the two analyses, and on the assumption 
that this constituent has remained constant, the two analyses 
can be directly compared 

Comparing the first with the third, a yery strong increase in 
silica and decrease m alumina is noted, accompanied by an 
almost complete disappearance of the protoxide of iron, mag- 
nesia and lime, the alkali apparently remaining practically con- 
stant. It is clear that the alumina has been carried away to a 
considerable extent, and the process is, on the whole, similar 
to the alteration which results from the action of the solutions 
containing free sulphuric acid on aluminous rocks. Sericite 
and chlorite form part of the fresh rock, and the former is a 
prominent constituent of the altered rocks Basing the calcu- 
lations on the following formulae : 
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Serieite, 2H,0 + (K, Wa, Ca) 0 + 3 (Fe Al), 0. + 6SiO„ 

and 

Chlorite, 4 H 2 O + 6 (Mg Fe) O + Al^ 0, + SSiOj,, 

and disregarding the small amounts of carbonate, pyrite, etc., 
the following results are obtained . 



Fresh, clay slate. Vein clay slate 

Variegated clay 


Per cent 

Per cent 

slate 

Per cent 

Sencite, 

39 24 

47 46 

34 89 

Chlorite, 

16 54 

4 37 


Quartz, 

35 30 

34 40 

63.24 


These are the averages of the calculations of all the analyses. 
The character of the alteration is thus clearly seen to consist in 
a chemical change of the chlorite into serieite, with simultane- 
ous subtraction of FeO and MgO. The quartz is practically 
constant. 

In the case of the variegated clay slates, the change appears 
to be of a diiferent kind A comparison of the third column 
with the first shows that the following reactions have taken 
place 1. The chlorite has been completely destroyed; its 
bases have been carried away, and its silica has probably been 
added to the free quartz. 2. The percentage of serieite has 
been diminished (more, in fact, than the 4 per cent shown by 
the comparison of the calculations, since we must consider the 
amount of the bases carried away). 3. The percentage of quartz 
has been increased by the introduction of free silica besides 
that obtained from the alteration of the serieite and the chlo- 
rite. It must again be emphasized that this process points to 
the action of a solvent, probably sulphuric acid, capable of car- 
rying away considerable amounts of alumina. 

The Democrat Vein, Dailey, Idaho . — The Carboniferous strata 
near Wood river, Idaho, contain masses of intrusive granite, 
or, as more specifically determined, quartz-monzomte.* This 
rock 18 cut by fissure-veins containing galena, sphalerite and 
tetrahedrite, with siderite and calcite gangue ; the ore being 
due, partly, to filling of open fissures, partly to replacement. 
For a few feet on each side of the vein, the granite is altered 
and contains some pyrite, galena and zinc-blende. The altered 
rock is of greyish-green color and its texture unmistakably in- 
dicates its derivation. The biotite of the granite is converted 


" W. Lindgren, 20th Ann Bept XT. S Geol Suru., part iii , pp 206 and 212 
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to large foils of muscovite ; the feldspars are also completely 
changed to radial tufts and scaly aggregates of sencite, mixed 
with, calcite grains. The q^uartz grains are in places vigorously 
attacked by sericitization and carbonatization, in the manner 
illustrated in Pig 13. The apatite is completely unaltered, and 
the titanite is converted to hunches of rutile needles. A little 
chlorite remains. For complete analyses and calculations, the 
reader is referred to the report cited. The altered rock con- 
sists of. Quartz, 55.07; sencite, 31 78; chlorite, 7 21; calcite, 
4.39; siderite, 0.05 ; rutile, 0 40, apatite, 0 23; pyrite, 0 19, 
pyrrhotite, 0 07, zinc-blende, 0 14; water (hygroscopic), 0 37; 
total, 99 90 per cent. 

Prom the determination of specific gravity it is concluded 
that no change of volume has taken place, but the granite has 
altered to an aggregate of denser minerals , the result being a 
.rock of considerable porosity. On this basis, namely, the com- 
parison of equal volumes, the following changes, expressed in 
kilograms per cubic meter, have taken place 


Table YII — G-ains and Losses of Country-Rock of the Lemocrat 
Vein^ Idaho, During Alteration. 
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49 

27 

TiOj. 



3 

23 

AhOs 



99 

24 7 
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FeO 

22 

42 3 

10 

61 6 

. 

MnO 

3 

160 0 



CaO 



6 

85 

SrO . ... 



1 

100 0 

BaO 



3 

100 0 

MgO 



18 

56 2 

K^O 

Na,0 .. 



33 

29 0 



80 

93 0 

H 2 O below 105° 0 . . 
H 2 O above 105° C . 

31 

{55 0 

5 

35 8 

PaOg .. . 



1 

*25 0 

CO.. 

43 

nearly all 



s. . 

Fe 

4 

3 

nearly all 



Co, Ni . 

Zn . 

‘ 2 

all. 
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308 
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The result shows a total loss of suhstance of 200 kilograms 
per cubic meter The losses extend over all the bases and the 
silica , baryta and stroutia being completely removed without 
the appearance of barite in the vein The gains chiefly con- 
sist in water, carbon dioxide, ferrous oxide, sulphur and zinc. 
Both potash and soda are removed , the former only partially, 
the latter almost completely. Calculated without regard to 
porosity, by comparing equal weights, the result is reached 
that the rock has received an addition of substance ; but the 
manner here indicated is doubtless the correct way of regard- 
ing the process 

14. ZeoUiic Copper-Veins 

The copper-deposits of Michigan are in part fissure-veins cut- 
ting across the beds of melaphyre and other basic igneous rocks 
so common in that district It is true, however, that the ore- 
bodies of the large mines are not to he considered as fissure-’ 
veins, but rather as beds or strata along which copper has been 
deposited by a process of reiilacement. E. Pumpelly*' investi- 
gated the copper-deposits of Michigan and p’ublished part of his 
results in 1873, Further contributions to the same subject are 
found in hi8 celebrated paper on “ The Metasomatic Develop- 
ment of the Copper-Bearing Eocks of Lake Superior.”t Di 
these investigations the theory of metasomatic replacement was 
applied to American ore-deposits, and in this field Prof Pum- 
pelly IS clearly the pioneer in this country The copper- 
bearing veins contain a number of minerals not ordinarily 
present in fissure- veins, and are, therefore, of special interest. 
Among these minerals are the zeolites . lanmontito, apophyllite 
and analcite. There are also present as gangue minerals, preh- 
nite, datolite, chlorite, delessite, caleite, ortho elase and quartz. 
The principal ore-mineral is, of course, the native copper. Of 
sulphides, chalcoeite andhorniteare sometimes, hut very rarely, 
encountered 

According to Piimpellj’s description, the veins must ho due 
in part to filling; but very largely, perhaps predominantly, the 
ore results from metasomatic replacement. The stages of this 
alteration Prof. Pumpelly considers to have been . 1. A forma- 


* Qeol. Surv of Mwh , vol i , part ii. 

t Proo Am Acad of Aris <md Seimces, vol iiii., 1877-78, p 253 
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tion of chlorite in the amygdaloid rock, 2 Individualization 
of non-alkahne silicates, such as laiimontite, prehnite and epi- 
dote , o. Deposition of quartz , 4. Introduction of native cop- 
per, accompanying which there was a replacement of prehnite 
by a green earth or delessite, often intimately connected with 
the copper , 5. Appearance of the alkaline silicates, such as 
apophyllite, orthoclase and analcite. 

This occurrence of secondary orthoclase or adiilaria is of 
special interest in view of the fact that the same mineral has 
lately been found to form an important gangiie-constitueut in 
certain Tertiary fissure-vems in volcanic rocks of the West. 
It is considered that the alkaline silicates represent the final 
stage, namely, the decomposition of the labradorite of the 
original rock, while the chloritization represented the first 
stage of alteration, namely, that of ferro-magnesian silicates to 
chlorite Prof Pumpelly thinks that copper was originally 
present as sulphides in the rocks, and that the changes, consist- 
ing in leaching and re-disposition in veins, have been efiected 
by surface-waters carrying carbonic acid and some atmospheric 
oxygen The copper was deposited after the destruction of 
the ferro-magnesian minerals, and before the deposition of the 
products from the decomposition of the feldspars Prom the 
state of sulphide, copper was converted to silicate, carbonate 
and sulphate These salts were then reduced to a metallic 
state. He thinks also that there is a close genetic relation 
between this metallic copper and the ferric condition of the 
iron oxide m the associated silicates. The oxidation of the 
iron was caused by the reduction of the oxide of copper at the 
expense of the oxygen of the latter. 

Prof. B. D, Irving, in his rep»ort on “ The Copper-Bearing 
Bocks of Lake Superior,”'’' confirms in general the conclusions 
of Prof. Pumpelly He considers the veins as very largely 
replacement-veins not sharply defined from the surrounding 
rocks, hut simply the result of a rock-alteratiou entirely analo- 
gous to that which has brought about the deposition of copper 
and its associated vein-stone minerals within the cnjpihferous 
amygdaloids. They are alteration-zones, which traverse instead 
of follow the bedding. The replacement of wall-rock by cop- 


Monograpli Y , U S Geol Smv , 1883 
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per masses is a common occurrence; and the paragenesis of 
the vein-minerals is identical with that of the copper-bearing 
amygdaloid rocks 

Especially remarkable is the series of replacements which, 
as shown by Pumpelly, has taken place in these veins Preh- 
nite is pseiidomorphic after plagioclase ; and many amygdaloids 
are largely prehmtized. This prehnite is again replaced by 
orthoelase ; and finally, the latter may change into epidote and 
quartz. Sericite is absent. 

These copper-bearing veins are clearly very difterent from 
the majority of fissiire-veins, and have been formed under very 
different conditions — ^in fact, probably not by thermal waters. 
Of other classes, the orthoclase-albite-zeolite veins of the Alps 
are most closely related, while a certain slight resemblance 
also exists to the propylitic veins, emphasized by the chloritic 
alteration and the presence of orthoelase 

The veins of Eion^berg, Norway, and Andreasberg in the 
Hartz mountains, both of which also carry zeolites, are not 
sufficiently known in their metasomatic aspects to be discussed 
here. 

Observed Alteration by Ascending Waters. 

Extremely little exact work has been done in this most im- 
portant Ime of investigation, namely, to ascertain actual altera- 
tions hy waters of known composition. In veins we usually 
have only the altered rock as a known quantity, and must en- 
deavor to draw conclusions from tins as to the character of the 
waters. 

Most interesting and well known is Prof. Daubree’s discov- 
ery of the alteration which the old Eoman bricks and mortars 
have suffered at the place wffiere the mineral springs of Plom- 
bikes break through the granite, ascending on fissures carry- 
ing fluorite and quartz. The waters are thermal, having a 
temperature of 70° 0., and maybe characterized as weak min- 
eral waters, containing sulphates and chlorides, witli a little 
hydrogen sulphide, silicates of potash and soda are also 
present in them. In the bricks employed by the Eomans as 
curbing for the spring, a number of minerals have been depos- 
ited. Chief among them are the zeolites. Chahazite, nieso- 
type, and apophyllite are the principal minerals formed in the 
pores and spaces of dissolution in the old bricks Besides 
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these, opal and chalcedony have heen deposited ; and, on one 
piece ot mortar, fluorite, scalenohedrons of caleite, and prisms 
of aragonite were also found. This is extremely interesting, 
as the fissures on which the spring rises contain much fluorite. 
The apophyllite also was found to contain a notable percentage 
of fluorine An analysis of this altered brick gave the follow- 
ing result- Si0„19 39, A 1 , 03 , 17.33, ^6^3,5.87, CaO, 51.40; 
MgO, 0.75, EaO, 6.94, Ea^O, 0.33; total, 100 51 per cent 
In this analysis the most remarkable fact is the strong preva- 
lence of potash and the small quantity of soda present. It is 
scarcely to be assumed that the ordinary bricks of that locality 
contained the alkalies in this proportion. The porous bricks 
were evidently specially adapted for the formation of new 
minerals, and the large percentage of lime in the mortar also 
facilitated the process. Daubr^e mentions that pieces of gran- 
ite enclosed in the same mass show no zeohtization, and refers 
at the same time to the fact that pyroxene and feldspar show 
no alteration in the same superheated glass tubes in which 
glass is completely transformed into zeolites and into silica 
This shows in a striking manner the dependence of the altera- 
tion of the country-rock upon its structure and composition. 

Mr. W. H. Weed has recently* found a mineral vein in 
process of formation by a weak thermal water at Boulder, 
Montana. The vem-fllling consists of quartz, cal cite and some 
stilbite, while the adjoining granite is partly altered to sericite 
and kaolinite ; these two minerals attacking all of the primary 
constituents (Fig. 19). A little free silica is also mixed with 
the kaolinite. In some specimens the kaolinite and sericite 
are subordinate and the feldspar appears partly silicified. 

Conclusions. 

Some of the following conclusions, drawn from the data 
presented in this paper, may seem trite repetitions of already 
known facts; but it is perhaps well to remember that our 
knowledge of the genesis of mineral deposits is not built on 
such firm foundations that it does not need fortification of its 
position by conclusions from all iiossible view-points 

1. Almost all fissure-veins are bordered by altered zones of 


“ Communicated to me from an unpublislied paper. 
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varying extent and intensity of alteration. In tlie so-called 
“ replacement-veins ” tliis altered and replaced rock contains 
the valuable ore. 

2 . The metasomatic processes in different classes of veins 
show an almost kaleidoscopic variety. In one class of veins, 
quartz may be converted into calcite, while in a different class 
calcite may be converted into quartz The action is usually in- 
tense, involving a great change in the chemical composition. 

3. The hydration connected with the alteration is only very 
moderate. 

4 The most prominent mineral formed hy the metasomatic 
processes is a potassium mica (muscovite, sericite, zmnwaldite 
and many other related species) The most prominent process is 
the jprogressive elimination of soda and concentration of potash, 
closely connected with the formation of potassium mica. 

5. The metasomatic processes in fissure-veins differ distinctly 
in most cases from those involved in ordinary static, dynamic 
and contact metamorphism, and the two classes of change have 
not generally taken place under the influence of the same con- 
ditions and agencies. Greisen is only found near cassiterite- 
veins Granite, thoroughly changed to sericite, calcite and 
pyrite, is never found as a result of any other metamorphism 
than in fissure-veins, nor are fluoritized or sidentized rocks so 
found. The propylitic and hiotitic alteration, the chloritic 
and zeolitie alteration of Lake Superior copper-veins , and the 
silicification in limestone and other rocks form exceptions, 
being similar to certain developments of dynamic, static and 
hydrochemic metamorphism. 

6. Ordinarily, the alteration consists in the total or partial 
loss of certain constituents ; the gain of others ; and the intro- 
duction of new compounds and elements, usually carbon diox- 
ide and sulphur. The net total of the change per unit of 
weight or volume may he a gain or a loss, perhaps more often 
the former. If sulphides are abundantly introduced, the result 
will usually show a strong gain in mass. 

7. The processes observed are such as can only be explained 
by aqueous agencies. Possible exceptions are the forms of 
alteration connected with cassitente, apatite and tourmaline- 
veins, in which pneumatolytic conditions may have partly 
obtained. 
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8. The intensity of the processes observed indicates that the 
aqueous solutions acted under moderately high temperature, 
pressure and concentration. No cold, pure snrface-water could 
produce such results as are ordinarily found. 

9 From the fact that the substances introduced, such as 
sulphur, carbon-dioxide, fluorine, boron and heavy metals, are 
only known to be contained in noteworthy quantities in ther- 
mal waters ascending on fissures, it is concluded that these 
waters were the agencies usually active in the process of altera- 
tion. 

10. Many of the substances found in the filling of the open 
spaces along the fissure may be lacking in the altered rock, 
showing that the latter forms a septum not penetrated with 
equal ease by all constituents of the solution.* 

11 The ascending waters are chiefly surface-waters, which, 
after a circuitous underground route, have found in a fissure 
an easy path on which to return. During their long downward 
passage they doubtless dissolve much material from the rocks 
which they penetrate ; and this solution was facilitated by the 
gradually increasing heat and pressure with increasing depth. 
During the ascending period, much of this material is depos- 
ited. The metasomatie action on the wall-rock results in 
further exchanges of constituents, some being dissolved and 
others deposited. 

For many veins, this genetic theory may be fully sufficient. 
But for many others, perhaps for the majority of fissure-veins, 
something seems to be lacking in this explanation. The differ- 
ence in the metasomatie processes in veins and in other forms 
of metamorphism must be taken into consideration, as well as 
the abundance of certain constituents, such as carbon dioxide 
and hydrogen sulphide, in mineral waters. The presence of 
these constituents has not been satisfactorily explained, and 
cannot be, except in certain cases, on the theory of solutions 
derived from the solid country-rock. 

I believe that the majority of fissure- veins are genetically 
connected with bodies of intrusive rocks, even when the actual 
deposits are contained in the overlying surface lavas. It is 
well known that the intrusive rocks, such as granite, diorite 

» The existence of such osmotic conditions was first suggested by Gr F. Becker 
(CT. /S. Geol Swv , Mm Mes , 1892, “Quicksilver Ore-Deposits,” p 159) 

VOL XXX — 43 
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and gabbro, may contain at the time of their intrusion water, 
carbon dioxide, fluorine, boron and sulphur. Under decreas- 
ing pressure, these substances have a tendency to leave the 
cooling magma; and as many of them form, with the heavy 
metals also contained in the magma, volatile compounds 
with a low critical temperature, these heavy metals may be 
carried away from the magma along with the “ mineralizing 
agents^" mentioned above. This is the well-known theory 
which was originated by Elie de Beaumont and Baubree, and 
developed by other French investigators ; but until recently it 
has hardly received the attention which it deserves. The 
results of these emanations is shown in the contact metamor- 
phism and in the mineral deposits often appearing near the 
boundaries of intrusive bodies. Where fissures traverse the 
cooling magmas, and the rocks surrounding them, it is natural 
that these mineralizing agents carrying their load of heavy 
metals should ascend, at first under pneumatolytic conditions, 
above the critical temperature. Reaching the zone of circu- 
lating atmospheric waters, it is natural that they should mix 
with these, which probably greatly predominated in quantity. 
To this combination of agencies, found in the ascending 
waters of such regions of igneous intrusion, the formation of 
most metalliferous veins is probably due. This dependence of 
veins oil intrusive bodies is most clearly perceived in certain 
cassiterite-, apatite- and tourmaline-veins; but from these all 
sorts of transitions may be found, to veins of more ordinary 
character. 

I am by no means prepared to deny that some classes of 
veins may be due to circulating surface-waters alone ; but I do 
not believe that the dissolving power of the latter is sufficient 
to account for all classes, or even for the majority, of fissure- 
veins. 
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A Mining Survey. 

BY J. E WILKINSON, SAN PRANCISCO, CAL 
(Canadian Meeting, August, 1900 ) 

A HIGH degree of accuracy is often required in mine-survey- 
ing, in order that expensive mining work may not be mis- 
directed. The making of underground connections by drifts 
or shafts located as the result of surveys presents a crucial test 
of correctness not usually involved in any other class of sur- 
veying. In view of these considerations, the present notes 
and description of a survey made in June, 1890, for the San 
Francisco shaft of the Uew Almaden quicksilver-mines, may 
be of interest to members of the Institute who are surveyors 

The purpose of this survey was to locate on the surface a 
vertical 2-compartmeiit shaft (3.5 by 7 ft.), to connect with 
another vertical shaft, of practically the same size, which had 
been sunk a number of years before from an adit-level about 
240 ft. vertically below the surface, to a deeper, so-called 600-ft. 
level. It will be seen, of course, that the most important mat- 
ter was to secure an exact coincidence in vertical line, so that 
the resulting continuous vertical shaft from the surface should 
have no oftset or irregularity at the point of junction between 
its two parts. The levels were of less importance , but, as the 
hoisting-works were to be placed in position and the new shaft 
permanently timbered from the start, its correct alignment was 
an essential requirement The important features of the work, 
therefore, were the methods used in determining with cer- 
tainty : 1. That the shaft was located in the right place in a 

general way ; 2. That the ordinary inaccuracies of linear and 
angular measurements were so reduced as to insure correctness 
of location within certain defined and allowable limits. 

Instruments . — The instruments used were ' a Buff and 
Berger transit-theodolite, with a 6-in. horizontal plate, reading 
to 10 seconds, a Heller and Brightly Y-level; a Chesterman 
steel tape, graduated in tenths and hundredths of a foot ; and 
Hew" York leveling-rods, graduated to thousandths of a foot. 
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The leveling-rods and tape were compared with a standard 
of measurement, and the correction for each was ascertained. 
In the ease of the tape, the conditions for the standard were, 
that the pull should he 16 pounds , that the tape should lie 
horizontally on the ground, and that the temperature should 
he Y0° Fahr. (this being the average temperature in the adit 
underground). Three corrections were thus actually necessary 
for each tape-measurement, viz. : to reduce to the standard ; 
to correct for the catenary curve ; and to correct for difference 
in temperature. 

While the graduations on the tape were made to hundrodths, 
yet, in careful measurements, it was possible to estimate thou- 
sandths of a foot, thus making these readings correspond in 
minuteness with those obtainable on the leveling-rods. 

Of course, to do this underground, it was necessary to use 
very fine fish-cord for plumb-lines, and, on the surface, meas- 
urements were made between small headless wire nails in 
stakes previously aligned by means of the transit. Here the 
hypothenuse was thus obtained, while the vertical component 
was obtained by leveling ; and from these the horizontal com- 
ponent was calculated in the usual manner. Underground 
measurements were made on a practically horizontal plane, by 
means of marks on plumb-lines previously aligned by the 
transit, and leveled. 

To correct for the catenary curve, the weight of the tape per 
foot was ascertained, and the correction was calculated by the 
usual formula. For a tape weighing 0.00*726 lb. per ft., with 
a pull of 16 lbs. (exerted in all measurements by means of 
spring-balances), the correction to be applied in 100 ft is 
0.00856 ft., and in 60 ft. only .00107 ft. 

For temperature, the correction in 100 ft. for a difference 
of 1° F. 18 0.00069 ft. Most of the measurements in the 
adit were made at a temperature not varying appreciably 
from the assumed standard. On the surface, however, the 
temperature in some instances varied from the standard as 
much as 20° F. 

In making the angular measurements, the greatest care was 
taken; and, by the most approved methods — repeating an- 
gles, reversing the telescope, reading both from right to left 



Table I . — jPrehminary Location (Average of Two Surveys). 



In fletemuDing these distances two sets of levels were run 
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and from left to right, etc.,— all possible instrumental errors, 
unavoidahle errors of adjustment, and personal errors of ob- 
servation, were eliminated. All angles were read at least 
twice ; and in some cases as many as four readings of ten repe- 
titions each were taken. The number of times each angle 
was read, and the number of repetitions m each case, are shown 
in Column ISTo. 4 of Tables I. and II. By the means thus em- 
ployed, the angular measurements wore made certainly correct 
within one second. 

Preliminary Surrey , — ^In the preliminary survey, the mean of 
two sets of tape-measurements was taken. Bor the surface-line, 
besides the tape-measurements, two sets of levels were also run. 
As to the surface-line (Monument M. to Monument S. B.), it 
may be observed that neither monument was visible from the 
other , so that, in order to define the line, several settings of the 
transit at intermediate points were necessary. The different 
measurements reduced, the calculations made, and the results 
obtained in this — ^the first complete — survey, are shown in 
Table I. , and, for their better elucidation, a horizontal plan 
(Big. 1) and a vertical section (Big. 2) of the tunnel and shaft 
are also appended 

The shaft was located by this survey, the notes having been 
carefully calculated and checked, use being made of Bruhn’s 
tables of logarithms, also of the natural functions from tables 
by a difierent author, thus eliminating any possible error due 
to misprints or other causes. 

Cheek-Survey . — As a further precaution, to satisfy the first 
condition imposed, and guard against the overlooking of any 
glaring error in the work, a second complete survey was made, 
a week or more after the first This, while made as a separate 
independent survey, also served to eliminate any errors of the 
first survey which might have been due to faulty setting-up of 
the transit, inaccurate centering over the stations, or sighting 
at the wrong station. The angles being taken differently (all 
being interior angles, from which the deflection angle was ob- 
tained by subtracting from 180°), any such error would have 
become apparent. In determining the surface-line only one set 
of levels was run; hut an entirely different set of intermediate 
stakes was used, thus eliminating the possibility of repeating an 
error in this part of the work. 



A MINING SURVEY. 


697 


In making tke calculations, besides those shown in Table 11., 
the additional precaution was taken, in the check-survey, of 
assuming one course as a meridian line (Monument M.— Monu- 



ment S. F.) and co-ordinating the different stations with refer- 
ence to Monument M. by courses thus obtained. 

Table II. shows the results of the check-survey. 
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All results, however, indicated a certainty that the shaft was 
correctly located for all practical requirements, and to the 
strong probability that the corners of the shaft, as located on 
the surface, did not differ in coincidence from the correspond- 
ing corners on the adit-shaft by more than | of an inch. 



When the connection was made, no horizontal displacement 
in vertical alignment was detectable , but, to test the accuracy 
of the survey more closely, a fine steel wire, to which was 
attached an 18-pound plumb-bob, was suspended from the col- 
lar of the shaft to the adit below. A point was selected at ap- 
proximately the position of the originally located corner, 0 
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(called Wire Oor. 0^ ia tlie notes). This was possible without 
fear of the wire touching the sides of the shaft, for the reason 
that the shaft had been made several inches wider and longer 
than the collar-set of the adit-shaft To prevent oscillation, the 
plumb-bob was immersed in a mixture of molasses and water. 
Then, having ascertained that the wire hung freely without 
touching the sides of the shaft, or any other object, at any 
point, its position was instrumeiitally observed at both the sur- 
face and the adihleveh The co-ordinates thus obtained are 
shown in the tabulated notes. The difference between the two 
sets of co-ordinates is the error of the survey, and is shown in 
both the preliminary and the check-survey. 

It must he said that the conditions under which the survey 
was made were most favorable for the surveyor. The two 
assistants employed were reliable and experienced in that class 
of work ; and, as no mining was being done in that part of the 
mine at that time, there was neither tramming, blasting, 
powder-smoke nor changeable draughts to interfere with ob- 
servations or distract attention. On the surface, the atmos- 
phere was clear and the air steady ; and, during the first part 
of the survey, there was very little wind. A sufficient length 
of time was allowed; so that nothing was slighted or over- 
looked on account of undue haste 

In summary review, the special features to be noted are. 

(1) the means taken to insure the location of the shaft in the 
right place (two independent surveys and check-calculations) ; 

(2) the methods used to reduce the ordinary inaccuracies of 
survey within allowable limits ; and also the practical demon- 
stration, here given, of the accurate results attainable by the use 
of the usual surveying-instruments and measuring apparatus, as 
described, when the most approved methods of observation are 
carried to the extreme, and neither time nor care is spared to 
make the results as nearly perfect as possible. 

!Fig. 3, drawn to natural scale, iffustrates the final result of 
the surveys. 

In this figure, the circle numbered 1, and completely filled 
with black, shows the position of Corner Oj Wire, as co-ordina- 
ted from the adit-level by first survey; the open circle, Ho. 2, 
that of Corner Wire, as co-ordinated from the surface by 
first survey; the half-black circle, Ho. 3, that of Corner C, 
Wire, as co-ordinated from the adit-level by second survey ; 
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By the location-survey the shaft was 0.007 ft. too far south, 
and 0.007 ft. too far east; by the check-survey, it was absolutely 
correct north and south, and 0 047 ft too far east. 

By averaging the two surveys, giving to the location-survey 
twice the importance or “ weight of the check-survey (because 
all of its measurements were made twice, while in the check- 
survey some were made only once), we have the average error 
of the survey; the shaft thus being 0.0047 — ft, too far south, 
and 0.0203-f ft. too far east 

This applies to the other three corners, as well as to Corner 0. 


Notes on the Occurrence of Platinum in North America. 

BY DAVID T DAY, WASHINGTON, D 0 
(Washington Meeting, Pehmary, 1900 ) 

In the summer of 1898, a demand suddenly arose for commer- 
cial quantities of the element osmium At least half a ton was 
wanted for the manufacture of a new incandescent light This 
led the writer to examine localities where platinum had been 
reported, in order to determine whether osmiridium was con- 
tained in the crude platinum. "With the co-operation of the 
concern most interested, the "Welsbach Light Company, and in 
company with its President, Col. 'William E. Barrows, I visited 
most of the leading American localities where platinum has 
been obtained. I also wrote to every available placer-mine in 
the West for samples of the heaviest sands, in order to test 
them for platinum The results of this inquiry are given in 
the present paper. 

Disinhution. 

The notices of the occurrence of platinum in this country 
given in scientific journals include two interesting observa- 
tions in tbe East. One concerns a nugget described by Peter 
Collier of Washington, L. 0.,* and said to have been found on 
laud adj acent to the village of Plattsburgh, H. Y., which weighed 
104.4 grammes, and contained suflcient chromite to reduce 
the specific gravity from 17.35 for the heaviest portion to 


* Am Jour Sa , Third Series, vol xxi., p 123 
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10 446 for the average of the nugget. This nugget gave un- 
mistakable evidence of osmium.” 

Messrs. 'William E. Hidden and J H Pratt* have found 
sperrylite — ^platinum arsenide — in placers at several points in 
the Cowee valley of Horth Carolina. The conditions favor 
the belief that the source of this mineral is a ledge of im- 
pure rhodonite and biotite, containing much disseminated iron 
sulphides — conditions much like those at Sudbury, Canada 
There have been unsubstantiated reports of the occurrence 
of platinum in place, m certain localities in the Catskills in 
Hew York, in gramte near Philadelphia, and again near Port 
Deposit, Maryland , hut the only localities where platinum is 
known to occur m North America, otherwise than as a mineral 
curiosity, are in California, Oregon and British Columbia. 

As early as 1852, Prof. W. P Blakef called attention to the 
existence of platinum at Port Orford on the Oregon coast, and 
noted that the platinum equalled from 10 to 30 per cent, of the 
gold. This article seems to be the original source of the state- 
ment that the proportion of platinum to gold increases north- 
ward. B. Silliinaiijf m his mineralogic notes on California, etc., 
extended our knowledge to the occurrence of platinum in the 
older deep placers, worked by the hydraulic process in Butte 
county. He also notes the occurrence of iridosmine vdth the 
platinum. Meanwhile T. Sterry Hunt had found platinum and 
iridosmine on the Riviere du Loup, Quebec, Canada, m 1861. 

The various notes concerning the finding of platinum on the 
Pacific coast have been well summarized in the publications of 
the California State Mineralogist, and show that platinum has 
been found at many places on the Pacific beach, from as far 
south as San Beruardiuo county, northward to the mouth of the 
Columbia. Indefinite reports have been made of its occur- 
rence further north on the Washington beach ; but its amount 
is certainly not great. The principal beaches where platinum 
has been reported, beginning at the south, are Santa Barbara, 
Lompoc; the beaches of San Luis Obispo county, Santa Cruz; 
and occasionally between Santa Cruz and the Golden Gate. In 
accordance with Blake’s statement, the richest beaches are fur- 

* Am. Jour, S<n , Fourth. Series, vol vi , pp. 381 and 467 
t Am Jour. Set . , Second Senes, vol. xvixi , p 156 
I Am Jour Set , , Third Series, vol vi , p 132 
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ther north, in Humboldt and Del Horte counties The beach- 
mines of Gold Bluff, north of Areata, Big Lagoon, Stone La- 
goon, Little River, Orescent City, Cal., and Gold Beach and 
Port Orford, in Curry county, Oregon, have all yielded platinum 
in coinniercialiy appreciable quantities. Still further north, plati- 
num is found at Yaquina Beach, Oregon; but the sands there 
are poor. Port Orford has proved, perhaps, the richest beach. 

Sharpless and 'Wmehell have made an unusually careful 
examination of the sands at Bandon, on the Oregon beach 
They almost invariably found platinum ; but the proportion 
was not so encouraging as less careful workers had estimated. 
All this beach-platinum is discouragingly fine and difficult to 
save. 

Most of the platinum-product has come from inland diggings, 
ivhere the grains are comparatively coarse It has become 
well-known in the placers of the American river, and in Plumas, 
Shasta, Trinity and Siskiyou counties, California The Bee 
Gum district in Shasta county, the Hay Pork district in 
Trinity county, and the deposits along the Trinity from Chap- 
man’s mine, south of Junction City, northward to beyond Horth 
Fork, are most promising. 

Conditions of Occurrence 

Though platinum-metals are so frequently found in many of 
the gold-placers of the region including Trinity, Shasta and 
Siskiyou counties, their occurrence in this region is by no 
means universal. There seems, for example, to he no platinum 
in the Weaverville placers on the Trinity. The platinum- 
bearing placers confirm the accepted idea that the platinum 
originates in the serpentine rock in which this region abounds, 
for the platinum-bearing gravels are sure to be closely associated 
with some prominent serpentine ridge, nevertheless, no plat- 
inum has yet been found in place within the area named. 

A hurried trip through this region enabled the writer to 
learn, by the analytical aid of Dr. "Waldron Shapleigh, that in 
the Bee Gum district of Shasta county, at Hay Fork, and at 
Chapman’s mine on the Trinity, osmiridium makes up perhaps 
the greater part of the mixture of platinum-metals. At Chap- 
man’s mine, Colonel Barrows obtained 30 ounces of small nug- 
gets, averaging one-third inch in diameter, apparently altogether 
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too hard for platinum, and yet considerably coarser than is 
usual for osmiridium, which has the habit of occurring in very 
small scales. Dr. Shapleigh has shown that these nuggets 
yield a small amount of platinum on treatment with aqua regia, 
and then fall apart into the ordinary scales of osmiridium. He 
has found, also, that the Pacific beach platinum often contains 
more than 90 per cent, of osmiridium. This explains the fact 
that little effort has been made to mine the platinum ; for, until 
recently, the osmiridium has had practically no value. 

At the time of my visit, platinum was noticed also in the 
placers near Grant’s Pass, Oregon, and by examining numerous 
samples of black sands, traces of platinum were found in the 
Snake river from Bakersville to Lewiston, and in a sand 
reported to come from Miles City, Montana. ^ 

In examining the well-known platinum-localities on Granite 
creek, near its junction with Tulameen Fork, in British Colum- 
bia, it was estimated that the placers contained about one-fiffch 
as much platinum as gold I could get no test for osmium, 
but Dr. Hoffnaann, of the Canadian Geological Survey, has found 
samples of platinum yielding as high as 25 per cent., and on 
the average about 10 per cent , of osmiridium. 

In farther search for the platmum-metals, the writer collected 
heavy sands from placer-mines in California, Oregon, Wash- 
ington, Idaho, Montana and Alaska. These samples averaged 
4 pounds in weight. The sand was first separated by ordinary 
assay-sieves into about mne sizes coarser than 20-mesh; 
through 20-, 40-, 60-, 80-, 100-, 120-, 160-, and then 200-mesh. 
Each size was then in good condition for easy separation of the 
highly magnetic portion by a rude fornf of separator. By limit- 
ing the magnetic separation to the highly magnetic particles, 
very little of gold or platmum was removed with the magnetic 
portions — as the panning of these portions proved. 

By panning each size, and then counting (or weighing, where 
the amount was considerable) the flakes of gold and platinum, 
a fair idea of the proportion of platinum to gold could be 
gained. As the sieving was carried to such uniform sizes, it was 
possible, by counting weighed amounts, to estimate the unit- 

* Dr F W Traphagen confirms this find of platinum at Miles City, Mon- 
tana. The concentrated sand exammed by him contained 10 per cent, of 
platmum 
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Table I. 

Pan-Tests of Platinum-Bear tag Gfold-Sands. 


Post-Ofiice and State 


Calitornia 

Crescent City, Del Xoite county 
Smith Eiver, Del Jyorte county 
Crescent City, Del Xorte county (South Fork, 
Smith river j 

Trinity Center, Trinity county 
Burnt Kanch, Trinity county 
Weavervilie, Trinity county . . 

Big Bar, Trinity county 
Junction City, trinity county . 

Hawkins Bar, Trinity county • . . 

Kandsburg, Kern county .... 

"Wilson Creek, Humboldt county 
Big Lagoon, Humboldt county 
China Plat, Hunaboldt county . . 
Orleans, Humboldt county . . 

Hamburg, Siskiyou county 
Hamburg Siskiyou county 
Sawyers Bar, Siskiyou county 

Oak Bar, Siskiyou county 

Port Jones, Siskiyou county . . 

Sawyers Bar, SisByou county 
Klamath Eiver, Siskiyou county 
Rock Eanch, Siskiyou county 
Callahan, Siskiyou county 
Hombrook, Siskiyou county 
Callahan, Siskiyou county . 

Scott Eiver, Siskiyou county. 

Camp, Siskiyou county 
ville, Siskiyou county .. 

Cecilville, Siskiyou county 

Walker, Siskiyou county 

Shasta Eiver, Siskiyou county 
Klamath Eiver, Siskiyou county. 

Gottville, Siskiyou county 
Camptonville, Yuba county 
<^mptonviIle, Yuba county * 

Quincy, Plumas county 
Daporte, Plumas county . . . 

Butte Valley, Plumas county. . . . 

Butte Valley, Plumas county . 

Slate Creek, Sierra county 

Q-ib&onville, Sierra county . . 

QibbOnvEle, Sierra county . ... 

Chico, Butte county 

Mag^a, Butte county 

Inskip, Butte county. 

Brownsville, Butte county . . 

Michigan Bluff, Placer county. . 

Michigan Bluff, Placer county. . 

Grizzly Plats, Eldorado county . 

Smith Plat, Eldorado county 
Eailroad Flat, Calaveras county . 
Mokelumne Hill, Calaveras county-. 
Genesee, Plumas county 


Weight of 
Sample 
Ounces 

Value of 
Platinum 
Metals Per 
Ton 

Percentage 
of Platinum 
to Gold 

80 

$ 04 

17 

23 

54 

6.8 

62 

681 31 

2.230 

35 

28 

79 

45 

13 09 

104 

20 

0 

0 

40 

3 75 

11 

49 

63 

1934 18 

4 05 

i 34 

50 

0 

0 

45 

02 

8 

60 

0 

0 

25 1 

177 08 

138 

36* 

6 87 

50 

20' 

0 

0 

55 

86 

280 

79 

2 39 

31 

123 

54 

12 

51 

07 

1 

45 

07 

3 

63 

2 40 

51 

29 

51 

26 

58 

7 02 

134 

19 

18 

06 

25 

0 

0 

9 

1 83 

.6 

48 1 

50.97 

148 

20 

2 01 

14 

14J ! 

.16 

8 

37 

0 

0 

30 

0 

0 

30 

0 

0 

20 

0 

0 

37 

.32 

4 

50 

0 

0 

40 

0 

0 

50 

0 

0 

36 

0 

0 

30 

0 

0 

40 

0 

0 

50 

0 

0 

20 

0 

0 

40 

5 46 

8 4 

60 

30 

1.2 

20 

0 

0 

30 1 

0 

0 

66 

.34 

1 

59 

19 

.1 

40 

0 

0 

40 

0 

0 

50 

0 

0 

84 

02 

2 

63J 

06 

.008 
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Table I. — Continued, 


Post-Office and State 

Weight of 
■Sample 
Ounces 

Value of 
Platinum 
Metals Per 
Ton 

Percentage 
of Platinum! 
to Gold 

Ot egon 



i 

Denmark, Curry county 

25 

$1 08 

300 

Denmark, Curry county. 



No 1 

49i 

06 

20 

No 2 

441 

0 

0 

No 3 . 

50i 

15 

18 

No 4 . 

m 

24 

10 

No 5 

m 

25 

60 

No 6 

45 

32 

121 

No 7 

50 

0 

20 

No 8 

57 i 

21 

50 

No 9 ... 

53“ 

03 

3 6 

No 10 

50 

0 

0 

No 11 

2 miles north of Pistol river, on Oregon 

52 

01 

12 

Beach 

2 miles south of Pistol nver, on Oregon 

118 

06 

8 

Beach . 

60 

0 

0 

Idaho 




Eocky Bar, Elmore county 

50 

0 

0 

Princeton, Latah county 

60 

0 

0 

Montana 




Forest, Missoula county . . 

50 

0 

0 

Alaska 




Sand from beach north of Lituyabay 

100 

0 

0 


weights of flakes of the different sizes, and thus to approxi- 
mate roughly the total weight of gold and platinum obtained. 

The results are shown in Table I. 

In addition to the sands mentioned above, about 25 ounces 
of Klondike gold-dust was examined, and only a grain or two, 
probably of platinum, was found. 

A number of concentrates collected by Mr. A. H. Brooks, 
of the IJ 8. Geological Survey, from the Tanana river district 
in Alaska, and also the beach-sands brought from Cape Home 
by Mr. Brooks and Mr Schrader, showed no platinum. 

The total results above reported show that, if all the sands 
examined were considered together, there would be about half 
as much of the platinum-metals as of gold. 

“With regard to the percentage of platinum m the sands from 
various parts of the Pacific coast, Dr. Shapleigh has furnished 
the following table • 

YOL. XXX — 44 
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Table II 




Highest 
Per cent 

Lowest 
Per cent 

Bee Gum district, Shasta Co , 
Gal 

Hay Fork district, Tnnity 
Co , CaJ. 

Trinity Eiver district, Cal 

Crescent City, Del Norte Co , 
Cal 

Port Orford, Ore .... 

/ platinum 

1 The other platinum-metals . 
r Platinum .... 

\ The other platinum-metals . 
f Platinum 

t The other platinum metals 
/ Platinum, 

t The other platmnm-metals . 
/ Platinum 

t The other platmnm-metals. 

20 

84 

73 

58 

27 

80 

11 

83 

47. 

83 

13 5 

79 

30 

18. 

15 

72 

8, 

46 

15 

23 


The “ other platinum-metals ” include indium, osmium, 
ruthenium, rhodium and palladium 


The Telluride-Ores of Cripple Creek and Kalgoorlie. 

BY T A RICKARD, STATE GEOLOGIST, DENVER, COLO 
(Canadian. Meeting, August, 1900 ) 

The lodes of Cripple Creek, Colo., partake of the composi- 
tion of the geological formation which they traverse. The 
prevailing rocks are andesitic breccia, lying upon granite, and 
also bodies of phonolite, trachytic phonolite, nepheline-basalt, 
etc., penetrating both the granite and the breccia. At Kal- 
goorlie, in West Australia, the prevailing rock is schistose, and 
has not been certainly identified, though microscopic sections 
indicate the probability that it was originally an acid eruptive 
The lodes are essentially hands, more highly schistose than the 
encasing rock, and impregnated to a notable degree with dis- 
seminated pyrites and secondary ealcite. 

During 1899 Cripple Creek produced 426,590 tons of ore, 
having a gross value of $15,658,254; during the same period 
the output of Kalgoorlie was 467,048 tons, valued at $17,724,587. 

In chemical composition, the ores at Cripple Creek and Kal- 
goorlie, respectively, present dijfferences equally interesting to 
the petrographer and the metaUnrgist. In both cases we have 
to deal with altered eruptives as the matrix of the ore, but the 
much older rock of Kalgoorlie has undergone more decompo- 
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sition tlian that of Cripple Creek To the metallurgist the 
difference is of greater importance, especially in the milling of 
the low-grade ores. 

The Kalgoorlie schistose lodes carry only a small amount (2 
to 12 per cent ) of alumina, the replacement of the feldspar 
having advanced very far, while, on the other hand, the im- 
pregnation of secondary carbonates of lime and magnesia, ag- 
gregating from 5 to 15 per cent., gives the ore a strong dolo- 
mitic ingredient. The silica contents average between 45 and 
60 per cent. Titaniferous iron accounts for the presence of 
from 1 to 2.5 per cent, of titanic acid. 

The Cripple Creek ore has a composition which approximates 
that of the prevailing rocks , and therefore the alumina is very 
high — from 15 per cent in the granitic ores to 25 per cent, in 
those occurring with phonolite and its allied dike-rocks Of 
lime and magnesia there is only from a trace of the latter to 4 
per cent of the former. The silica ranges from 55 to 70 per 
cent., being highest in the granitic ores. 

In sulphur and iron the two districts present no very marked 
difference, although there is more pyrite disseminated through 
the ore at Kalgoorlie than at Cripple Creek, the average per- 
centage of sulphur being from 4 to 8 at Kalgoorlie and from 
1 5 to 2 at Cripple Creek. The iron is a little higher in both, 
but in about the same ratio. 

From a smelter’s standpoint the Kalgoorlie ore is the better, 
being less siliceous, and (what is more important) carrying a 
much smaller percentage of alumina. It is the practice m 
Colorado to limit the amount of alumina in the charge of the 
lead-smelting furnaces to about 5 per cent. The Cripple Creek 
ores, which carry about four times this proportion, are smelted 
only in limited quantities mixed with other ores, so as not to 
impair the fusibility of the slag. 

The absence of copper and lead in the ores of both districts 
does not affect the reduction by smelting ; but it obviates dif- 
ficulties Tvhich might otherwise arise in the wet treatment at 
the mills. 

The dolomite in the Kalgoorlie lodes renders chlorination 
unsuitable as a method of treatment, on account of the fact 
that the lime and magnesia, resulting from the roasting of 
the carbonates, absorb the chlorine before it can unite the 
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gold, and thus prevent any solvent action upon the precious 
metal until the former have been satisfied. On the other 
hand, the presence of the carbonates tends to neutralize the 
acidity due to the sulphatization of pyrites and renders the ore 
very amenable to cyanidation, the process now employed at 
Kalgoorlie The schistose character of the lode-stuff causes it 
to slime easily in wet-crushing; and the mechanical difficulties 
arising from this fact have prompted the general adoption of 
dry-CTushing, in order to expedite subsequent leaching and fil- 
tration. 

The Cripple Greek ores are docile to cyanidation and chlor- 
ination alike. The latter requires, of course, a dead roast; and 
for this reason the cyanide-process, which does not necessarily 
require the roasting of oxidized and partially oxidized ores, had 
an advantage in the early days of the district, l^ow, however, 
it is recognized that, apart from chemical reasons, it is econom- 
ical to subject the oxidized ores to roasting, on account of the 
resulting betterment in the leaching and filtering of the pulp 

The adaptation to conditions which characterizes all success- 
ful industrial progress is to be seen in both of the mining 
centers under discussion Cripple Creek was born amid con- 
ditions of advanced industrial facilities ; Kalgoorlie was found 
in a desert, more than 300 miles from any commercial center. 
Each, in its successful development, has served as a telling 
illustration of the energy and skill of the English-speaking 
race. 

Telluride-ores have become an important source of gold 
during the past five years on account of the discoveries made 
in Colorado and West Australia. They have been treated as 
something quite new and phenomenal As the result of the 
success of the two districts there grew up a notion that this 
mode of gold-occurrence indicates ore-bodies of specially per- 
sistent nature — a fallacy akin to the older one which assumes 
an enrichment with depth as a general characteristic of gold- 
veins Tellurides have been mined in Transylvania for a cen- 
tury, and they have been known in Colorado, as important 
ores of gold and silver, smee 1872 — ^two districts, the La Plata 
mountains and Boulder couniy, yielcLing them in commercial 
quantities. In none of these regions have they been charac- 
terized by special continuity in depth. On the contrary, until 



TELLTJEIDE-ORES OF CRIPPLE GREEK AKD KALGOORLIB. 711 


Cripple Creek, and then Kalgoorlie, commenced to make a 
record, it was generally held, among those who were aware of 
the facts, that tellnride ores were erratic in behavior and diffi- 
cult to treat. The former proposition is not more true of them 
now than of gold-deposits in general; while the latter has 
been largely modified by the advance of metallurgical prac- 
tice. 

As is well known, the tellurides, or combinations of tellu- 
rium with the metals, are similar to the combinations formed 
with sulphur and selenium. The first determination of this in- 
teresting group of minerals is due to Elaproth, who, in 1802, 
recognized them in the ores of Zalathna, in Transylvania 
Tellurium is a non-metallic element. In its chemical com- 
binations it acts in a manner analogous to sulphur, which it 
appears at times to replace. Uative tellurium is a tin-white, 
brittle substance with a bright metallic luster. Its commercial 
value IS |3.50 per ounce, but the demand for it in the arts is 
very slight, and a few shipments demoralize the market, as is 
the case with most of the rare earths It is extremely uncom- 
mon both at Cripple Creek and at Kalgoorlie, but in Boulder 
county, Colo., it is frequently encountered. A mass weighing 
25 pounds was found in 1877 at the John Jay mine, near 
Jimtown. In Gunnison county, in Southern Colorado, it has 
lately been found at the Yulcan mine, in mica schist, associated 
with a lode of gold-bearing pyrite, which, in the oxidized zone, 
includes masses of native sulphur 

Kalgoorlie affords the finest specimens of the telluride of 
gold, calaverite, in generous splashes of lustrous yellow, which 
glorifies the dull-looking schistose rock. Analyses’’' yield 
nearly 42 per cent, of gold, with less than 1 per cent, of 
silver. The specific gravity is given as 9.877. At Cripple 
Creek, good specimens of calaverite are rare ; but it occurs 
finely disseminated through the ores, although somewhat ob- 


- Two may be quoted, the first by J C H Mingaye, analyst to the Geological 
Survey of Few South Wales, and the second by E S Simpson, analyst to the 

Geological Survey of West Australia • 

° No 1 No 2 

Per cent Per cent 
41 76 41 56 

56 64 57 79 

80 65 


Gold, 

Tellurium, 

Silver, 
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scurecl by tbe presence of sylvamte. Analyses* indicate the 
avera 2 :e composition as ranging from 38 to 40 per cent, in 
gold, with about 3 per cent of silver. The specific gravity is 
given as 9. The Cripple Creek variety therefore makes a very 
close approach to Glenth’s original determination f of the speci- 
mens from the Stanislaus mine, in Calaveras county, Cal., the 
locality from which the mineral derived its name. 

In Boulder county, Colo , which yielded some of the earliest 
specimens, a splendid mass of calaverite was found in 1877 at 
the Melvina mine by Henry Heirkirk, a Dutchman, who, while 
prospecting, drove his pick into a mass of soft, clay-hke, unctu- 
ous material, and, on withdrawing it, found that it was gilded 
The mass consistedi of lemon-colored oxide of tellurium con- 
taining fine particles of amorphous gold, the two substances 
being the product of alteration from the bronze calaverite 
which Heirkirk found deeper down, associated with magnesite 
and fluorite. This dioxide of tellurium, or tellurium-ocher, has 
been found in Transylvania. It is very rare because of its 
marked affinity for ferric salts, with which it forms a definite 
compound, the tellurite of iron. 

The tellurite of iron, which Knight§ was the first to deter- 
mine, has a light-brown color and a bright yellow streak. It 
occurs also in a specimen which I obtaineclj] at Kalgoorlie. As 

* Two analyses are given herewith, the first by W F Hillebrand, chemist to 
the U S- Geological Snryey, and the other by F 0. Knight, chemist to the 
Boston and Gilorado Smelting Co 



No 1 

No 2 


Per cent 

Per cent 

Gold, 

38 95 

40 14 

TeUunum, 

57 27 

56 22 

Silver, 

Which, according to Dana, was 

3 21 

3 63 

No 1 

No 2 


Per cent 

Per cent 

Gold, 

40 70 

40.92 

Tellurium, 

65 89 

56 00 

Silver, ..... 

3 62 

3.08 

Specific gravity, . 

. 9 043 



t According to my informant, Mr Eichard Pearce 

I ‘‘A Suspected New Mineral from Cripple Creek,” a paper read before the 
Colorado Scientific Society, October 1, 1894, by F, C Knight His analysis gave 
a percentage of FCjOg, 32 72 ; TeOj, 65.45 , and H^O, 1 83. The luster is dull, 
the fracture brittle and uneven, and the hardness between 3 and 4, 

II Through the courtesy of Mr. J W. Sutherland, of the Lake View Consols 
mine 
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a mineral it has only an academic interest ; but the chemical 
reactions of which it is the result play an important part in the 
treatment of tellunde ores. hTamely, in roasting these ores, 
the tellurium is not driven off with the sulphur, but, as soon as 
it has volatilized, it becomes oxidized to TeO„ and is fixed in 
the roasted charge by combining with the oxide of iron due to 
the calcination of the pyrites in the ore. What tellurium does 
escape, and is subsequently found in the flue-dust, is carried 
away mechanically by the draft. This is the experience of our 
reduction-works. Mr. Richard Pearce has made laboratory- 
tests* to elucidate the matter, and has found that as much as 
96.4 per cent, of the tellurium has remained in the ore after it 
had been roasted. 

In nature a kindred action probably occurs, the decompo- 
sition of the gold-bearing tellunde in the presence of oxidizing 
pyrite liberating the gold with the formation of the tellurite of 
iron. The gold, thus set free in a metallic condition, has char- 
acteristics which readily distinguish the surface-ores of all tel- 
luride lodes. At Mt. Morgan, it was found, in 1886, that the 
dull-looking gold would not amalgamate in the stamp-mill. 
Dr. Leibius, of the mint at Sydney, decided, as the result of ex- 
periments, that the gold, which was of remarkable purity, was 
probably coated with an oxide of iron. In 1893, 1 remarked 
the similarity between the gold of the famous mine in Queens- 
land and the specimens given to me at the Pike's Peak and 
Garfield Grouse mines, on Bull hill. Cripple Creek , but it was 
not until 1897t resemblance was traced to a common 

cause, the derivation of the gold from tellurides The soft, 
brown gold resulting from the alteration of tellurides has the 
appearance of gold precipitated from solution. Its pasty, 
spongy, but slightly compact character has caused it to be 
named “ mustard gold ” at Kalgoorlie. It occurs m splashes 
like yellowish clay, and can be detected by scratching, which 
burnishes it, so as to exhibit the unmistakable glint of the 
precious metal. At Cripple Creek, very perfect pseudomorphs 
after sylvanite and krennerite are obtainable In the Gold King 
vein, patches of these can be seen in a series of quartz geodes. 


* “ Occurrence of Tellurium, in Oxidized Form Associated with Gold,” bj Dr 
Eichard Pearce Proe Colo Sci Soe , vol v , pp 144—147. 

t When Mr E S Simpson, at Perth, West Australia, showed me a specimen 
ot petzite which he had found m the sulphide-ores of the Mt Morgan mme 
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the gold looking, as the miners express it, “ like splinters of 
rotten wood.” IFree gold at Cripple Creek has invariablj that 
appearance which characterizes the metal when it has origi- 
nated irom the disintegration of tellurides; hiit at Kalgoorlie, 
ordinary gold, in a bright and crystalline condition, also occurs. 
It is usually in coarse particles, the size of which hinders com- 
plete extraction by leaching and becomes a factor in the ore- 
treatment. At most of the cyamde-mills there are supplement- 
ary amalgamating-tablcB, over which the tailings are conducted, 
after they have been discharged from the vats, so as to extract 
any of these larger particles which may have escaped solution. 
They would escape, not only by reason of their larger dimen- 
sions, but because they would lack that spongy character, con- 
ducive to quick leaching, possessed by gold which has resulted 
either from the alteration of tellurides in nature or from their 
decomposition in the roasting-furnace. 

Sylvanite, although it does not carry the largest portion of 
the gold obtained from the Cripple Creek ores, is the telluride 
most frequently seen in the specimens from that district. It is 
uncommon at Kalgoorlie, hut is particularly characteristic of 
the ores of Boulder* county, especially in the mines around 
Salina The name of this beautiful mineral originates from the 
historic mining region, Transylvania, where the compounds of 
tellurium were first detected. Its brilliant silver-white twinned 
crystals are often distributed over the faces of pieces of rock so 
as to look like Arabic writing. Hence the alternative name of 
“ graphic tellurium.” One of the first analyses of a Cripple 
Creek specimen was made in 1894, by Mr. Richard Pearce, who 
found that the composition agreed closely with that obtained by 
Genth, in 1874, from the sylvanite of the Red Cloud mine, in 
Boulder, t August Prenzel gives the analysis J of a specimen 

^ There is a to'w^nship of Boulder, adjoining Kalgoorlie, and actualfr nearer to 
the big mines of that district than the latter It must not be confounded with the 
district, of the same name, in Colorado, which is lefeired to above, 
t The analyses referred to are 

Pearce Genth 
Per cent Per cent 

Tellurium, ...... 60 61 69 78 

Gold, . . . . 25 45 26 36 

Silver, . . 13 94 is 86 

See “Further Notes on Cnpple Creek Ores ” Proc Oolo Sci Soo ,yo\ v , p 15 
X Tsck Mm Mttih , 1897, xvh,, 288, 289 The analysis is Tellurium, 58 63 , 
gold, 36.60 , silver, 3 82 per cent. 
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from Kalgoorlie which he labels sylvanite ; but the composition 
is much nearer that of krennerite, the prismatic, brilliant, ver- 
tically-striated crystals of which occur in the ores of the Moon- 
Anchor and other mines on Gold Hill, Cripple Creek. The 
color of krennerite is like that of sylvanite, but it has a greater 
tendency to a slight brassy-yellow tinge. It is the most beau- 
tiful of all the tellurides 

■While visiting the Kalgurli mine, at Kalgoorlie, in 1897, I 
received a specimen of so-called “ black tellurium,” which was 
said to be the native metal itself Under a simple test in a 
tube over the blowpipe it volatilized completely, "but left a de- 
posit of quicksilver globules at the cold end of the tube. It 
was coloradoite,* the telluride of mercury, which was first de- 
tected by the industrious Genth in specimens from the ^Moun- 
tain Lion mine at Magnolia, Colorado. It is iron-black, with a 
sub-conchoidal fracture and the rich unctuous luster which 
characterizes several other tellurides, notably calaverite At 
Kalgoorlie, native mercury and native amalgam have also been 
found. In addition to these previously-known minerals, there 
is a variety of coloradoite which has been named, by Mr 
E E. Pittman, kalgoorlite.f As the crystallographic fea- 
tures do not differ materially from coloradoite, it can hardly 
be considered as more than an impure variety of the latter, 
and may be looked upon as a mixture of petzite and colora- 
doite. J 

At the Associated Mines, Kalgoorlie, there occurred a min- 


The composition of coloradoite is, according to Dana Tellurium, 38.5 ; mer- 
cury, 61 5 per cent. An impure variety is named lionite, after the Mountain Lion 
mine 

t “ Kalgoorlite, a New Telluride Mineral from Western Australia,” by E F 
Pittman, Government Geologist Hecoi d of the Geol. Surv, of N S Wales, vol v , 
part IV , pp 203, 204. 

f Op eit J C H Mingaye, Analyst to the N.S W Geological Survey, gives 
the analysis of Mr Pittman’s specimen. I add those of the other two minerals 



Kalgoorlite 

Coloradoite 

Petzite 


Per cent 

Per cent 

Per cent 

Mercury, 

10 86 

615 


Gold, 

20 72 


25 6 

Silver, 

. 30 98 


42 0 

Copper, 

05 



Sulphur, 

.13 


32 5 

Tellurium, . 

. 37 26 

38 5 



716 TELLDEIDE-OBES OF OBIPPLE CREEK AND KALCOORIIE 

eral whicli resembled this supposed kalgoorlite. The analyses* 
of Mr. W. F. Grace proved that it was petzite. 

Petzite is not common, either at Kalgoorlie or at Cripple 
Creek. In the former district it occurs both in the Associated 
mine, as stated, and also in the Great Boulder Main Beef; and 
therefore, presumably, in other mines. At Cripple Creek I 
have seen it in specimens from the Geneva, on Gold Hill, and 
in the ore of the Porter Gold Ehng, above Anaconda. Petzite 
is the characteristic mineral of the Golden Fleece mine, an iso- 
lated occurrence of tellurides, in Lake county, Colo., which, 
between 1894 and 1896, produced |1, 400, 000 from a compara- 
tively small tonnage of ore It is very probable that future 
investigations will lead to the recognition of several new varie- 
ties of tellurides in both of the two districts under discussion ; 
hut it will be necessary for this purpose to obtain crystalline 
specimens, so that analyses of composition may he supplemented 
by the measurement of crystal-angles. 

Of the minerals which seem to be specially associated with 
tellurides two are particularly notable duorite and roscoelite. 
Fluorspar, or fluorite, the fluoride of calcium, is a frequent 
companion of lead-ores, not so much in the United States as 
in England and Saxony. In Colorado it characterizes the tellu- 
ride-ores of both Boulder county and Cripple Creek, especially 
the latter.f Hence it was at one time supposed to he a favor- 
able indication of richness in the lode; but later experience 
has exploded this generalization, together with several others 
The prevailing color of the fluorite at Cripple Creek is from 
amethyst to purple Large crystals are rare. Much of the 
coloring which serves as a beautiful background for the lustrous 
tellurides is but a stain upon the silicified breccia and other 


* The specimens came from the 200-ft level of the Tetley shaft. The specific 
gravity is given, m a letter from Mr. Grrace, as 9, and the hardness as 2 5 to 3 
The two analyses were as follows 

No 1 No 2 

Per cent Per cent 


Silver, 

40 47 

40 55 

Gold, . 

. 24 64 

24 62 

Tellurium, 

34 60 

34 83 

Mercury, 

29 

.00 

The traces of mercury were probably due to a slight admixture of coloradoite. 
f Fluonte also accompanies the native tellurium at the Vulcan mine in Gun- 


nison county Fide supra, p. 711 
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lode-matter. The presence of finorite in the granite outside 
the gold-mining area checks the inferences which might other- 
wise be made from the fact of its prevalence in the veins. 

Tluorite does not characterize the lodes at Kalgoorlie , hut 
calcite may he said to he a feature of their mineralization, par- 
ticularly in view of the fact that the ordinary free-gold veins of 
the neighboring districts, such as Coolgardie, do not carry it in 
notable amount. Calcite is rare at Cripple Creek It is occa- 
sionally encountered, lining cavities in the eruptives The small 
percentage of lime in the ores, as reported by the smelters, 
comes from the fluorite. Calcite is frequent in the telluride 
lodes of Boulder 

Eoscoelite has a peculiar interest for the student of telluride- 
ores. It is a brownish-green micaceous mineral, belonging to 
the hydro-mica group, and remarkable as carrying a large per- 
centage of vanadium * This uncommon mineral was found in 
handfuls, t m the form of small dark greenish-brown micace- 
ous spangles, by* the miners who worked the placer-ground in 
the ravine below Sutter’s mill, California, where gold was first 
diseovered|: in California. It accompanies the tellurides of 
Boulder to such an extent that the miners have got into the 
way of considering it a gold-bearing mineral in itself, instead 


* Two analyses, tlie first by Genth and tbe second by Eoscoe, are given by 
Dana Tbe following are tbe principal constituents, small amounts of FeO, MnO 
and NajO being omitted in tbis quotation 




S 1 O 2 

V2O3 

AI2O3 

MgO 

KjO 

H2O 



Per cent 

Per cent 

Per cent 

Per cent 

Per cent. 

Per cent 

No 

1, 

47 69 

20 56 

1410 

2 00 

7.59 

4.96 

No 

2, 

41 25 

28 85 

14 34 

1.96 

825 

3 06 


Hillebrand bas lately analyzed a sample from tbe Stockslager mine on Granite 
Creek in El Dorado county, Cal , tbe locahty from wbicb Genth and Eoscoe also 
obtained their samples From five partial analyses, determining different con- 
stituents, be calculated tbe following probable average composition * 

S1O2 V2O3 AI2O3 KoO H2O 

Per cent Per cent Per cent Per cent Per cent 

45 17 24 01 11 54 10 37 4 69 

See “On Eoscoelite,” by W F Hillebrand and H W Turner, .dm Jour of Sa , 
Fourth Series, vol vii , p 461, J une, 1899 

t As I was informed by one of those who worked m tbe locality mentioned and 
gave me a small vial filled with tbe material referred to. See also description by 
W H Turner in tbe article cited above 
:|; On January 19, 1848. 
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of a mere accessory. The Bonlder variety is grayish-green 
to olive-green. It freq^uently stains the (quartz and other vein- 
stuff, so as to give them a strong green color, resembling that 
of ordinary chlorite In 1897 several specimens of the ore 
from the Great Boulder Main Reef mine at Kalgoorlie were 
sent to me, and I thought that roscoelite was discernible. Mr. 
Pearce subsequently made* an investigation which confirmed 
this opinion. 

Roscoelite has not yet been recognized at Cripple Creek, but 
chlorite occurs freely, especially in the Elkton and Mary Mc- 
Kinney lodes. Various forms of chlorite are also in part re- 
sponsible for tbe prevailing green coloration of the protogine 
of Boulder and the schistose hands of Kalgoorlie Analytical 
tests might succeed m separating a particular variety as a char- 
acteristic of these ores. It is, to say the least, very suggestive 
that the telluride-veins in the granite of Cripple Creek, the 
schist of Kalgoorlie and the protogine of Boulder, should all 
he characterized by tbe presence of chlorite. Of course, it may 
be regarded simply as the product of the decomposition of the 
biotite and augite in the prevailing country, nevertheless, it 
remains an interesting coincidence 

The small amount of qpartz occurring in these telluride-veins 
is a feature worthy of notice. Quartz is so common a matrix 
for the precious metal that it has been called by some tbe 
“ mother of gold.” At Kalgoorlie a notable amount of quartz 
is considered an indication of poverty , at Cripple Creek there 
is more quartz ; but it never predominates to the extent which 
marks the ordinary gold-veins of California and Victoria Much 
of tbe secondary quartz, as distinguished from tbe siliceous 
ground-mass of the country itself, is hydrous and opalescent 
This encrusts the cracks and cavities resulting from the most 
recent lines of disturbance. In Boulder county, the quartz 
takes* the form of a dark flinty substance, the “hornstoiie” often 
referred to in descriptions of the lodes. 


* “Notes on a Peculiar Occurrence of Tellurium in a Gold-Ore from the Great 
Boulder Main Beef, Western Australia,” by Richard Peaice. Bulletin Qolo. Set 
Soe., No 8 , 1897. Mr Pearce gives an analysis by P C- Knight, showing SiOj, 
43 65 ; YPs, 27 11 ; AI 2 O 3 , 9,96 , CaO, 1 43 , MgO, 1 51 per cent 



THE IKELUENCE OE SILICON AND SULPHUK, ON CAKBON. 719 


The Influence of Silicon and Sulphur on the Condition of 
Carbon in Cast-Iron. 

BY HENRY M HOWE, PROFESSOR OF IVIETALLURGY, COLUMBIA UNIVERSirY, 
NEW YORK CITY 

(Canadian Meeting, August, 1900 ) 

I. The Influence of Silicon on the Condition op Carbon 
IN Cast-Iron. 

It has been generally accepted that the presence of silicon in 
cast-iron leads to the formation of graphite; and this has been 
explained by saying that the silicon lowers the solvent power 
of iron for carbon at and somewhat below the freezing-point, so 
that, in the presence of silicon, the iron is unable to retain in 
solution or combination the whole of the carbon with which it 
has united while molten, and therefore expels the excess of 
carbon in the form of graphite, during and immediately after 
solidification 

Probably the best way to study this question would be to 
examine pure cast-irons, i.e., those containing nothing but iron, 
carbon and silicon, which at the same time should have been 
saturated with carbon when molten. Put the data for such a 
study are not at hand ; so we must turn to commercial pig-irons 
as they are made in the blast-furnace, and before their compo- 
sition has been changed by remelting. 

Much evidence has been offered of late, tending to oppose 
the theory of the action of silicon above set forth. Some of 
this evidence will be examined here. 

1 Mr Bachman’s Results. 

In particular, Mr. F. E. Bachmanf has published a collection 
of analyses of cast-iron, in which the proportion of graphite at 
first appears to be nearly independent of the proportion of sili- 
con present. Thus, in his Table LI., we find that with pro- 


* Secretary’s Note — ^The manuscript of this paper was received May 18, 1900 
t Trans , xxviii , 769 
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gressively increasing silicon-content the graphite-content varies 
in the most confusing way. I condense his results in the fol- 
lowing table 


Table Bachman's Results with Pig-Iron. 







Per 

Per 

Per 

Per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 


l_ 1 

1 Silicon average 

0 75 

0 50 

1 25 
100 

183 

1 50 

213 

2 00 

2 36 

2 25 

2 62 

2 50 

2 87 

2 75 

314 

3 00 

1 Silicon limits 1 

to 

to 

to 

to 

to 

to 

to 

to 

1 00 

1 50 

2 00 

2 25 

2 50 

2 75 

3 00 

3 25 

[ Total carbon . 

3 818 

3 724 

3 412 

3 580 

3 69 

3 691 

3 652 

3 775 

Graphite . . . 

Combined carbon I 

3 367 

3 365 

3 170 

3 383 

3 499 

3 515 

3 481 

3 574 

0 451 ! 

0 359 

0.242 

0 197 

019 

0176 

0 171 

0 201 

j Sulphur . 

Number of cases 

0 03 

0 023 

0 024 

0 025 

0 027 

0 030 

0 028 

0 023 

5 

9 

12 

15 

29 

30 

22 

16 


But looking at the matter more closely, I find the influence 
of silicon well marked. It must be remembered that, by 
our silicon-theory, silicon influences the graphite-content not 
directly, but indirectly, by lessening the solvent power of iron 
for carbon, thus lessening the proportion of combined carbon, 
and thus, in turn, indirectly increasing the proportion of graph- 
ite, provided the total carbon-content remain constant. But 
this provision does not necessarily hold good the total carbon 
may vary much , and, since the graphite-content is simply the 
complement of the combined carbon, ^.e., the excess of the total 
carbon over the saturation-point for combined carbon, any 
variation m the total carbon will cause corresponding varia- 
tions in the graphite-content This is exactly what we find in 
Mr. Bachman’s results, namely, that as the silicon increases 
from an average of 0.76 to one of 1.88 per cent., the combined 
carbon diminishes progressively from 0.461 to 0.242 per cent , 
as demanded by our silicon-theory. The graphite-content does 
not, however, increase correspondingly, for the very simple 
reason that the total carbon-content diminishes rapidly. 

Lest it be thought that to decrease the combined carbon 
from 0.451 to 0.242 per cent, is a very trifling result to follow 
so great a change in silicon-content, let us remember that our 
cast-irons with 0.451 and 0.242 per cent, of combined carbon 
may be held to correspond, on one hand, to steel of 0.461 per 
cent, of combined carbon (with graphite intermixed as a foreign 
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body), and, on tbe other hand, to steel of 0.242 per cent, of com- 
bined carbon, with like admixture of graphite In other words, 
the difference in combined carbon is that which exists between 
some spring-steel and some strong structural steel, sufficing to 
cause the enormous difference which exists between their prop- 
erties, even in the annealed state This aspect of the ease is dis- 
cussed by the writer in a separate paper on “ The Constitution 
of Cast-Iron,” presented at this meeting. 

As the silicon rises still further, from an average of 1 83 
to an average of 2.87 per cent , the combined-carbon-content 
further diminishes, still in accordance with our silicon-theory; 
but the diminution is extremely slight. 

Turning, now, to Table II (Mr. Bachman's Table LIL), we 
find much the same condition of things. As the silicon rises 
from 1 00 to 2 86 per cent., the combined carbon progressively 
diminishes from 0 563 to 0 346 per cent. That the absolute 
amount of combined carbon is much higher for given silicon- 
content than in his Table LI , is readily understood in view of 
the greater sulphur-content in his Table LII As in Table LI , 
the graphite-content does not follow any simple law, for the ex- 
cellent reason that, as before, the total-carbon-content varies 
greatly. 


Table II — Mr. Bachman’s Remits with Remelted Cast-Iron. 



The teaching of Mr. Bachman’s results is (1) that, as the 
silicon rises from 0 75 to about 2 per cent , there is a marked 
decrease in combined carbon ; and (2) that this decrease be- 
comes less and less marked with further and farther rise in 
silicon. I call attention particularly to this point, the far 
greater influence of the first increment of silicon than of later 
increments. 
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Unfortunately the number of results presented by Mr. Bach- 
man which bear upon the second of the above inferences is 
very small — a defect which I have tried to remedy by the new 
evidence which I now present. 

2 The Author^ s Results 

In order to throw further light on the influence of silicon on 
carbon-condition, I have plotted in Figs. 1 and 2 the combined 
carbon, graphite and total carbon of about seven hundred pig- 
irons, with carbon as ordinate and silicon as abscissa.* In order 
to lessen the masking influence of sulphur, Fig. 1 includes only 
those cast-irons which contain less than 0 04 per cent, of sul- 
phur, and Fig. 2 those only which contain from 0.04 to 0.08 
per cent. Besides these I plotted two similiar diagrams, one 
with sulphur from 0.08 to 0.13, and the other with sulphur horn 
0.13 to 0.20 per cent. But the number of cases at hand within 
these limits was so small that these diagrams are not worth 
publishing. 

To lessen the influence of variations in manganese and phos- 
phorus, no cast-irons containing more than 1.60 per cent, of 
manganese or 0.55 of phosphorus are here given. 

Fig. 1 confirms the inference as regards combined carbon, 
which I have drawn from Mr. Bachman’s results. For while 
for given silicon-content the combined carbon, indeed, varies 
greatly, yet on the whole there is a very decided and marked 
decrease in combined carbon as the silicon rises from zero to 
1 per cent, and a further, though less marked, decrease as the 
silicon rises still further to 2 per cent With further increase 


* In the construction of the diagrams, Figs 1 and 2, the percentages of com- 
bined and of graphitic carbon in each specimen analyzed are laid off (marked by 
a cross or a circle, respectively) upon an ordinate drawn through the point which 
indicates its percentage of silicon , and the percentage of total carbon (being the 
sum of these) is laid off as a dot upon the same ordinate In reducing the dia- 
grams for engraving, the subordinate cross-lmes showmg the precise percentages 
have been omitted , so that it maybe difficult to trace in the engraving the record 
of each analysis. But the purpose of this graphic summary is simply to show 
the general law ; and this is sufficiently indicated by the engraved diagrams 
Thus, Fig 1 shows that m the pig-irons containing from 0 to 0 04 per cent, of 
sulphur, an increase of silicon from 0 to 2 per cent , while it is accompanied by 
no marked change m total carbon (which remains at or a little below 4 per cent ), 
yet is accompanied by a marked decrease m combined carbon, very rapid at first 
and slower afterwards 



THE INFLUENCE OP SILICON AND SULPHUE ON CAEBON. 723 


of Silicon there appears to be a slight further decrease of com- 
bined carbon. 

Thus, among the great number of cases with more than 2 per 
cent, of silicon shown in Fig. 1, there are but five in which the 
combined carbon exceeds 1 per cent , and in only one of these 
does it reach 1.50 per cent. ; in the large number of cases wnth 
between 1 and 2 per cent, of silicon, the combined carbon exceeds 
1 per cent in only nine cases , while two-thirds of all the cases 
with less than 1 per cent, of silicon have more than 1 per cent, 
of combined carbon, and one-third of them have more than 3 
per cent, of combined carbon. And every iron which has less 
than 0.50 per cent, of silicon has more than 2 per cent, of com- 
bined carbon 

Turning now to the graphite, the complement of the com- 
bined carbon, we find this same condition of things reflected 
Most of the cases have over 3 per cent, of graphite ; the only 
cases which have less than 2 per cent, of graphite have also less 
than 1.20 per cent, of silicon, and of the cases with less than 1 
per cent, of silicon, more than one-fifth actually have less than 
1 per cent of graphite. But, while the influence of silicon 
stands out clearly in Fig 1, we cannot trace it in Fig 2, per- 
haps because the number of cases here is so small. 

Note to Figs. 1 and 2. — The cases here plotted are believed 
to be normal pig-irons, or cast-irons strictly comparable with pig- 
irons. As has already been said, none are here given w^hieh 
contain more than 1.50 per cent, of manganese, or more than 
0.66 per cent, of phosphorus, or more than 0 08 per cent, of 
sulphur ; and none are given in which it was known or sus- 
pected that by sudden cooling, by casting in thin sections, or 
otherwise, the proportion of combined carbon was materially 
aftected. For these reasons many otherwise valuable data had 
to be omitted,' for instance, those of Mr. Q. B. Johnson, m 
“ The Action of Metalloids on Cast-Iron,” Journ. Iron and Steel 
Inst , 1898, li , p. 200, and Kerpely’s, Percy’s and Ledebnr’s data. 

The cases given are taken from the following sources • 

1. The records of the "Warwick Iron Co., kindly supplied by 
President E. S. Cook. 

2 “ The Melting-Point of Cast-Iron,” by Dr. Bichard Mol- 
denke, a paper read before the Pittsburgh Foundrymen’s Asso- 
ciation, Oct 24, 1898, Table I. 
voii. XXX — 45 




INFLUENCE OF SILICON ON THE CONDITION OF CARBON IN PIG-IRONS 
CONTAINING FROM 0 TO 0 04 PER CENT. OF SULPHUR 
Total Carton (•) Combined Carbon (x) Giaphite (o) 
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CONTAINING FROM 0.04 TO 0.08 PER CENT. OF SULPHUR. 
Total Carbon {•) Combined Cai bon ( x ) Graphite ( o ) 
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8 -The Silicon-Control of Cast-Iron,” by F. B Bachman, 
Trans., xxvih , p. 769, Oct , 1898 

4. The records of a large Welsh steel-works. 

5 “Trausverbe Strength of Cast-Iron,” by W. J. Keep, 
Trans. Am. Soe. Jlerh. JEng , xvi., p 1082 

6. Watts, Bictmmry of Chermstry (Edition of 1875), in., pp. 
332-3. 

7. Kerl, Grimdnss der Msenhuttenkunde, 1876, pp 27 and 44 

8. Cast-Iron in Railway Practice, G. R. Henderson and W. 
W Davis, A 77 iencan Btigmeer and Railroad Journal, J an. 19, 1899, 
p 4. 

9. The author’s private notes, and various minor publications. 

We need hardly be surprised at the width of the band occu- 
pied in Fig. 1 by the combined-carbon crosses. Silicon-content 
is only one of the things which influence the quantity of com- 
bined carbon; and the influence of other impurities, of the cast- 
ing temperature, and of the rate of cooling, may suffice to ac- 
count for the width of this band. 

3 Desilicidizing Processes. 

We have a further very important piece of evidence tending 
to prove that the first increment of silicon, say from zero to 
0 75 per cent , causes a decrease in the combined-carbon-con- 
tent, in the fact that whenever, in any process of converting 
cast-iron into wrought-iron or steel, we remove the silicon, we 
thereby immediately turn a gray cast-iron into a white one, 
even though the total percentage of carbon present remains 
nearly constant. This is true of puddling, of the Bessemer 
process, of the refinery process, and of the Bell-Krupp or pig- 
washing process. In each of these the silicon is quickly re- 
moved at the beginning of the operation, and a sample then 
taken shows that an initially gray cast-iron has, by the simple 
removal of silicon, been turned from gray into white, often 
with only very slight change in the total carbon-content. 

4. Turner's Results. 

By melting together in various proportions two cast-irons 
which were about half-saturated with carbon, one of them rich 
in silicon, the other nearly free ffiom it, but otherwise of like 
composition. Prof. Turner'll obtained a series of east-irons in 


Jour Iron and Steel Inst , 1886, i , p 174 
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which silicon was practically the only variable, I condense 
his results in Table III 


Table III — Turner’s Results, 



Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per j Per 
cent 1 cent 

j 

Per Per Per , 
cent cent cent 

, ! j 

Silicon 

0 19 

0 45 

0 96 

1 37 

1 96 

2 51 

2 96 3 92 

4 74 7 33 * 9 so 1 

Total carbon 

1 98 

2 00 

2 09 

2 21 

2 18 

1 87 

2 23 1 2 01 

1 2 03 1 Sb ! 1 SI 1 

Graphite 

0 38 

0 10 

0 24 

0 50 

1 62 

1 19 

' 1 43 1 1 81 

1 1 66 1 4S 1 12 

Combined carbon 

1 60 

1 90 

1 85 

1 71 

0 56 

0 68 

, 0 80 0 20 

0 37 1 0 38 ' 0 69 1 


On first inspection these results seem to teach that an increase 
of silicon from 0.19 to 0.96 per cent, causes an increase of com- 
bined carbon from 1 60 to 1.85 per cent But Fig. 1 shows us 
that, for a given percentage of silicon, the percentage of com- 
bined carbon varies very greatly, when the percentage of silicon 
is below 1 per cent Prof. Turner’s decrease of combined 
carbon we refer, after examining Pig 1, to causes other than 
increase of silicon And his results, as a whole, bear out those 
in Fig. 1 by showing, both (1) that the combined carbon on 
the whole decreases as the silicon increases, and (2) that this 
decrease is not smooth and regular, but is greatly influenced 
by other variables, thus agreeing with the considerable width 
of the combined-carbon band in Fig. 1 

They agree moreover with the general principle that it is not 
the graphite-content, but the combined-carbon-content that is 
affected directly by the silicon-content; and that the graphite 
is simply the difference between the total carbon (on one hand) 
which happens to be present, and the combined carbon (on the 
other hand), which represents the saturation-point of the iron 
for carbon, as determined by the silicon-content and other 
causes. For though Prof Turner’s cast-irons contain only 
about 2 per cent of total carbon, or about half as much as those 
in Fig. 1, yet for given silicon-content they have about the same 
amount of combined carbon as those of Fig. 1, nearly the whole 
of the carbon-deficit of his irons, relatively to mine, being rep- 
resented by their graphite-deficit 

The reason why I have not included his results in Figs. 1 and 
2 is that they do not represent normal and nearly saturated 
pig-iron as it issues from the blastfurnace, because they have 
only about half the normal carbon-content of such iron. 
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Among the great number of cast-irons given in T'ig. 1, only 
five contain less than 3 per cent, of total carbon, and the great 
majority have from 3.50, or even from 3.75, to 4.20 per cent. 

5. Keep’s and Moldenke’s Results. 

The results of Mr 'W. J. Keep, which I have rearranged in 
Tables lY. and Y., and graphically in Fig. 3, bring out the 
same law. Here, again, as the silicon increases, the combined 
carbon decreases progressively, though irregularly — rapidly at 
first, then more slowly. 


Table IY. — Influence of Silicon- Content on Carbon- Condition, as 
Indicated by W. J. Keep’s Results. 

(Rearranged from Trans Am Soc Mech Eng , xvi. , pp 1099 et seq ) 
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In Mr. Keep’s five series we find the following marked con- 
trasts between the great decrease of combined carbon as the 
silicon rises from about 0.80 to about 2.60 per cent., and the 
slight further decrease of combined carbon as the silicon rises 
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still more. The algebraic-average decrease of combined carbon 
is 0.74 per cent, in the former case, against only 0.06 in the 
latter. 

Table V. — Showing that an Increase of Silicon from 0.80 to about 
2 50 Fer cent Diminishes the Combined Carbon Much More 
than Does a Further Increase of Silicon. 

(Compiled from Mr Keep’s Data ) 


Size of Bars, 

As Silicon Rises from about 0 80 
to about 2 50 Percent , Com- 
bined Carbon Decreases 

As Silicon Rises Beyond about 2 50 Per 
cent , the Combined Carbon 

Deei eases 


Prom 

To 

Difference 

Prom 

To Difference 

Upper Sili- 
con Limit 



Per cent 

Per cent 

Per cent 

Per cent Per cent 

Per cent 

4x4 . ... 

0 65 

013 

— 0 52 

0 13 

0 10 -0 08 

4 67 

3x3 . .. . 

0 62 

0.08 

—0 44 

0 08 

0 11 -f 0 OS 

4 30 

2x2 

0 80 

0 09 

—0 71 

0 09 

0 11 +0 02 

3 36 

]xl . . . 

1.25 

0 36 

—0 89 

0.36 

0 09 -0 27 

3 75 

t ixj . . 1 

146 1 

0 32 

—1 14 

0 32 

0 29 -0 03 

2.84 

Algebraic areiage difference 

—0 74 

1 1-006 



As Mr Keep’s results represent foundry cast-irons, we natu- 
rally find among them no data as to the infiuence of variations 
of silicon below 0 75 per cent. 

In Tables and Y. we can trace the influence of the rate 
of rapid cooling in restraining the separation of graphite, and 
thus increasing the combined-carbon content. The smaller the 
cross-section, the faster does the metal cool ; and as we pass 
from the 4 by 4 in. to the I by | in. bars, the combined carbon- 
content for a given silicon-content increases greatly; though of 
course, because of the other variables, sulphur, manganese, 
etc., this increase is not regular 

Dr. Moldenke’s results, shown in Table YI , afford simply 
another instance of the greater influence of the early than of 
the later increments of silicon. Among his cases we may say 
roughly that • 

As the Silicon Increases The Comhined Carbon Decreases 

From To Difference Prom. To Difference 

Percent Percent Percent Percent Percent Percent 

0 14 130 L16 400 0 80 3 20 

1.30 3,00 1 70 0 80 0 30 0 50 

Fig 3 represents Dr Moldenke's results graphically, on the 
same plan as that of Figs. 1 and 2, except that the percentage 
of combined carbon only is given. 




THE INFLUENCE OF SILICON AND SULPHUR ON CARBON 731 


Table VI — ^loldenLe's Residts * 





6. Summary — These results, taken as a whole, point towards 
the following law In normal and relatively yure commercial yig- 
zrons, (1) as the silicon increases the combined carbon progressxiely 
decreases ; (2) this decrease is rapid at first, especially as the silicon 
rises from zero to Q 7b per cent , and then slower and slower j (3) 
this influence of silicon is often masked by that of other variables 
So far as I know, the second part of this law is here enun- 
ciated for the first time. 

That the combined carbon decreases on the whole as the 
silicon increases, seems to be beyond reasonable doubt , that the 
first additions of silicon cause a greater effect than the later 
ones, seems almost equally certain. Both these features of this 
law are supported by the results of Bachman, Keep, Moldenke 
and the author ; Turner’s support in a general way the first 
part of the law His first four results oppose the second part of 
the law ; but the number of cases here represented is so small 
that we cannot attach, much weight to them. 

From his paper on “The Melting-Pomt of Cast-Iion,” read before the Pitts- 
burgh Poundrymen’s Association, Oct 24, 1898 
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It is indeed possible that the data m Fig. 1 may somewhat 
exaggerate the influence of the very first additions of silicon, 
because the number of cases with less than 1 per cent, of sili- 
con is much smaller than we could wish; indeed, Dr Moldenke s 
form a very large proportion of them. 

H. The Influence op Sulphur on the Condition op Carbon 
IN Cast-Iron 

The influence of sulphur in raising the saturation-point of 
solidifying iron for carbon, and thus increasing the combined 
carbon-content and lowering the graphite-content of cast-iron, 
can be traced by comparing Figs. 1 and 2 , and we can even 
make a first rough approximation to its quantitative effect in 
this respect, at least for cast-irons containing from 1 to 2 per 
cent., and for those containing from 2 to 3 per cent, of silicon. 
The following table gives the average combined carbon for the 
cast-irons which I studied in preparing Figs 1 and 2 


Table VIE — The Influence of Sulphur on the Proportion of 
Combined Carbon in Pig-Iron 


Per Cent 

OP 

SUEPHUE 

1 TO 2 Pee Cent of Silicon 

2 TO 3 Pee Cent op Silicon 

Average Com- 
bined Carbon 

Approximate No 
of Cases 

Aveiage Com- 
bined Carbon 

Approximate No 
of Cases 

0 to 0.04 

0 36 

300 

0 175 

175 

0.04 to 0 08 

0 42 

17 

0 304 

32 

0 08 to 0 13 

0.864 

10 

1 0 14 

1 

013 to 0 20 . 

0.93 I 

3 


0 


Note — ^The averages m the first line were estimated by the eye ; the rest were 
calculated 


The following preliminary estimate of the quantitative effect 
of sulphur may be worth recording for comparison with the re- 
sults of later investigators • 


Table Vm. — A First Approximate Estimate of the Influence of 
Sulphur on the Proportion of Combined Carbon in Pig-Iron. 



Per cent 

Per cent 

Silicon 

Ito 2 

2 to 3 

Sulphur. .. . . 

0 to 0.08 

0 to 0 08 

Increase of combined carbon for each 0.01 per 



cent increase of sulphur 

0 02 

0.03 
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These numbers are only the roughest approximations But 
even first approximations to the truth are acceptable when no 
others are at hand; and when the data do not justify final con- 
clusions, opinions and estimates are better than nothing, pro- 
vided we bear in mind their provisional and tentative character. 

Postscript 

Since the foregoing was written, the publication of Mr. S. R. 
Church’s book, “ Analyses of Pig-Iron, has supplied addi- 
tional data, which, together with all the data found m Volumes 
I. to Vin., inclusive, of the Journal of the U. S. Association 
of Charcoal Iron Workers, I have now plotted on the plan used 
in preparing Pig. 1, taking the same limits of composition as 
regards manganese, phosphorus and sulphur. The general re- 
sults are closely like those of Pig 1, and the data therefore 
support, in a general way, the conclusions which are drawn in 
the present paper. The following table shows how, m this new 
lot of analyses, the combined carbon decreases as the silicon 
increases The diagram itself is not here given, since this 
table gives the results clearly enough 


Table IX. — Relation JBetioeen Silicon- Content and Combined Carbon- 
Content in Rig-Iron. Additional Bata. 


Silicon, per cent 

0 00 to 0 75 

0 75 to 1 50 

1 50 and upwards 

Combined Carbon 

Nnnxtier of Cases j 

Per Cent 




Over 1 10 

4 

0 

0 

From 0 75 to 1 10 

13 

2 

0 

“ 0 50 to 0.75 

6 

13 

6 

“ 0 25 to 0 50 

1 

8 

27 

‘‘ 0 00 to 0 25 

1 

4 

31 

Total 

25 

27 

64 


Here we note that the combined carbon exceeds 0.75 per 
cent, in 68 per cent, of the irons which have less than 0 75 per 
cent, of silicon, but in only 2 per cent, of the irons which have 
more than that quantity of silicon. 


Seymour E Churcli, San Francisco, 1900 
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The Micro-Structure and Physical Properties of Cast-Iron, 
as Affected by Heat-Treatment, Especially m the 
Manufacture of Malleable Cast-Iron. 

BY A T CHILD AND W P HEINEKEN, NEW YORK CITY 
(Canadian Meeting, August, 1900 ) 

This paper presents the results of a series of experiments 
made in the metallurgical laboratory of Columbia University, 
Uew York City. The object of the investigation was to de- 
termine, as far as possible, the changes in micro-structure and 
physical properties caused by short periods of heat-treatment 
and the longer malleable cast-iron process. It was proposed 
to do this by means of micro-photographs, heating- and cool- 
ing-curves, and tensile tests after the various heat-treatments. 

I. Micro-Constituents oe Iron and Steel 

The list of the micro-constituents of iron and steel has 
grown till now it includes seven different substances, called fer- 
rite, cementite, pearlite,* martensite, austenite, sorbite and 
troosite. Only the first five of these are mentioned in this 
paper, to facilitate the understanding of which, the following 
brief definitions are given . 

1. Ferrite (named by Prof. Howe) is, chemically, iron free 
from carbon. It is the softest of the constituents, and is not 
colored by etching, except when long-continued. Under the 
microscope it is easily determined by its regular polygonal 
structure ; or, if structureless, as in malleable cast-iron, by the 
ease with which it is scratched. Ferrite appears in mild steel 
in small amount, in grey cast-iron, and in malleable cast-iron. 

2. Cementite (also named by Prof. Howe) is now generally 
conceded to have the formula FcjC. It is the hardest of the 
micro-constituents, having the hardness indicated by 7 of the 
mineralogical scale ; and hence it is always left in relief after 


- Originally spelled pearlyte Tlie present form has been adopted by Prof 
Howe 
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polisliing on a soft or yielding material, siicli as chamois skin 
stretched over a wooden block. It is not colored even hv long- 
continued etching. Under the microscope it appears very 
white and glistening. It is always structureless, and occurs in 
irregular patches or bands It is found in high-carbon steel 
and in white and mottled pig-iron 

3. Pearlite (also named by Prof Howe) is a compound made 
up of alternate laminae of ferrite and cementite This lamina- 
tion gives it the prominent pearly luster which suggested its 
name. Very slight etching colors pearlite, and is usually suf- 
ficient to bring out the structure very well. Little difficulty is 
found in determining pearlite under the microscope, the paral- 
lel lamina giving it a characteristic structure. It is found m 
iron and steel cooled very slowly from high temperatures. In 
steel of 0.80 C. it composes the entire mass. 

4. Martensite (named by Mr. Osmond in honor of Prof. 
Martens) is the non-magnetic hardening-component of steel. 
It has a very pronounced needle-like structure, and is difier- 
entiated from pearlite by the fact that the needles cross each 
other in directions parallel to the three sides of a triangle, 
while the laminae of pearlite, though not always straight, never 
cross each other Considerable practice in etching is required 
to develop this constituent satisfactorily, as a slight over-etching 
will spoil the structure completely. Iodine colors it brownish. 
A weak solution of ISTHilIOs, as used by Mr. Osmond, is excel- 
lent to bring out martensite Martensite is found in steel and 
iron quenched above the recalescence-point and in tempered 
steel. It forms the entire structure of 0 80 C.-steel quenched. 

5. Austenite (first recognized by Mr. Osmond and named by 
him in honor of the distinguished English metallurgist, Rob- 
erts- Austen) is not frequently found. It has a peculiar struc- 
ture, sometimes similar to martensite; but the needles are 
shorter and broader than those of martensite It occurs also 
in zig-zag lines, crossing each other quite irregularly; and 
sometimes the structure resembles oat-chaff, scattered rather 
promiscuously over the surface of the section. This constit- 
uent has been found by Mr. Osmond in steel carrying more 
than 1 per cent, of carbon, and also by us, we think, in white 
pig-iron. To develop it, the material must be quenched very 
rapidly from very high temperatures. 
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U. The Malleable Cast-Iron Process. 

TMs x^J^ocess lias been practiced for many years both in 
Europe, where Reaumur pnbliBhed its fundamental principles 
in 1722^, and in this country, where it was first carried on with 
success by Seth Boydeii at Newark, HE It still holds a posi- 
tion of considerable prominence in our iron industry. Com- 
nierciallj, malleable cast-iron occupies a place between grey 
cast-iron and wrought-iron. It has about the tensile strength 
of the former and somewhat less elongation than the latter. 
It is very useful for castings which are to have exact propor- 
tions and at the same time possess a considerable degree of 
malleability. Articles not over an inch in diameter can be 
pretty completely decarburized, and thus rendered malleable 
throughout Larger pieces, as, for instance, coupling-irons, can 
be greatly increased in toughness by decarburization from tlie 
outside for some distance inward The pig chosen for castings 
to he thus treated is usually white or mottled, and low in phos- 
phorus, silicon and sulphur. 

The conduct of the process is briefly as follows : Castings, 
made from white or mottled pig-iron, as stated above, having 
been packed tightly, surrounded by mill-scale or red hematite, 
in cast-iron annealing-boxes, the covers of which are luted on, 
are heated for about 10 days at an average temperature of 950° 
0. In packing, care is taken that the castings do not touch 
each other at any point, otherwise the annealing will not pro- 
ceed properly. Some form of direcb-firmg furnace is used in 
the annealing During the last day the furnaces are gradually 
cooled down. The annealed eastings must be well cleaned in 
a tumbling-apparatus before they are fit for market. 

The process is chemically a decarburization, due to the 
strongly oxidizing conditions which prevail throughout this 
treatment. The main part of the carbon contained in white 
east-iron exists there as the carbide, FegC. This breaks down 
easily, under the annealing conditions, to what Ledebur calls 
“ temper-carbon,” which is slowly oxidized to CO by the influ- 
ence of the packing, and is burned to COg at the h ox-openings. 
The carbon remaining in the castings at the end of the process 


art de convertir lefer forge en aaier, et Part d^adofum' le ferfondu, Pans, 1722 
See Ledebur’ s Hmdbuch der BisenhvMmTcmde, p. 933, under Ghhfnsehen 
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is nearly all graphitic. This is due of course to the fact that 
graphitic carbon is very slowly oxidized The silicon of the 
original pig must he low, since high silicon nearly always implies 
higli graphitic carbon, the presence of which would lengthen the 
process, and give a weak, very porous product at the end, as 
is well shown by our experiments Both phosphorus and sul- 
phur in appreciable quantities are extremely deleterious to the 
product 

The “ malleable cast-iron ” thus obtained has a tensile 
strength of about 45,000 pounds to the square inch and from 
3 to 7 per cent, of elongation, while the original pig pos- 
sessed no elongation and was brittle as glass 

III Statement op Experiments. 

A number of white and grey cast-iron bars, 0 5 in thick and 
18 in. long, were obtained by pouring all the white from one 
ladle, and all the grey from another, so as to secure uniformity 
in each class The grey east-iron contained C, 3 55; Si, 
3 08 ; and the white cast-iron, 0, 2.25 ; Si, 0 75 per cent 

Through the kindness of Messrs Isaac Johnson & Co., we were 
allowed to make four heats in their annealing-furnaces. Eor 
these experiments three white and three grey bars respectively 
were tightly packed with red oxide of iron into S-in iron pipes, 
fitted with caps at either end. G-reat care was taken that the 
bars should not touch each other at any point. Four heats 
were made, 10, 20, 30 and 40 days in length, respectively, at an 
average temperature of 960° C. We cannot be very positive 
as to the temperature, which was measured only from Seger 
cones, placed in the pipes In this way we estimated the 
maximum temperature to be about 1000° C Sections of white 
and grey cast-iron were made after each heat, polished, etched, 
and examined under the microscope. Micro-photographs were 
also taken from each section. 

The bars from these heats were pulled in a Riehle testing- 
machine. In these tests, the elastic limit was determined by 
the drop of the beam, and is therefore only approximate. 

In addition to these experiments, pieces of white and grey 
cast-iron were heated to 1100°, 1200°, and 1300° C., and some 
were cooled slowly, while others were quenched in iced brine. 
Similar pieces were held at the same temperature for 3 hours, 
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and then treated as above. Sections were made, and micro- 
photographs of the sections were taken from all these pieces. 

Aa:ain, similar pieces were packed in hematite and held at 
1000° C. for 6 hours, in order to determine how far annealing 
would proceed in that time. The pieces to be cooled slowly in 
these experiments were packed in lime to insure a uniform rate 
of cooling. The temperatures were recorded -with a Le Ohate- 
lier thermo-electric pyrometer The heats were made in a 
small gas-tiirnace. 

In preparing the metallic sections, we used for polishing a 
small machine, driven by a motor, to which the polishing- 
wheels were easily attached. The series usually employed was . 
(1) a pretty fine emery-wheel , (2) a wooden wheel, covered with 
pretty fine emery-paper, (3) a leather-covered wooden wheel, 
upon which wet flour of emery was rubbed as needed. The 
finishing was done first with wet rouge, and finally with a 
jeweler’s bufi-wheel, well filled with dry rouge. In etching, 
the tincture of iodine was used with excellent results. For de- 
veloping martensite and austenite, the dilute ammonium nitrate 
solution suggested by Mr. Osmond (2 parts of the crystallized 
salt to 100 parts of water) gave the best results. Good results 
were often obtained by etching rather deeply and then polishing 
down on chamois skin stretched over a block of soft wood In 
photographing, Beck’s vertical illuminator was used, and a 
"Welsbach burner furnished the light. The Cramer plates, 
which gave the best negatives, were exposed, on an average, 10 
minutes. Our best prints were made with “ carbon velox.” 

IM. The Effect oe Heat-Treatment, as Shown by Micro- 
Photographs OF THE Material after Treatment. 

Eigs. 1, 2 and 3 are photographs of the original white cast- 
iron. Fig. 3 shows the structure of a section cut longitudinally 
from the bar. The white constituent in relief is cementite, the 
hardening-constituent of white cast-iron. The large white 
patches well illustrate its usual occurrence in white cast-iron 
The remainder of the section is a peculiar granular form of 
pearlite, not commonly encountered. Fig. 3 shows how ce- 
mentite tends to arrange itself in lateral strata normal to the 
surface of the bar. 

Figs 4 and 6 are photographs of white cast-iron heated in 
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red oxide of iron for 10 days. Fig 4 shows the structure near 
the edge of the har ; and Fig 5, the structure at the center. 
One notices at once the entire change of structure, especially 
the absence of cementite, as compared with Figs. 1, 2 and 3. 
The section, Fig 4, is composed almost entirely of structureless 
ferrite. It is very porous, by reason of the oxidation and re- 
moval of the finely-divided “ temper-carbon ” This seems to 
have been very widely disseminated through the mass of the 
iron after the breaking-down of the carbide. Its finely-divided 
state seems to have made it fall a far more easy prey to oxida- 
tion than the graphitic carbon. The structure at the center 
contains a little pearlite in patches, and is not so porous. The 
higher carbon-content at the center explains the decreased 
number of the holes. An analysis of the outer half of the sec- 
tion showed 0.35 C , and one of the center showed 1.5 C. 

Fig. 6, from the center of the section, shows the white pig, 
after 20 days’ annealing, to be a porous mass of ferrite and 
pearlite; the latter rather poorly defined, and the former 
coming to be in excess, due to the longer heating. Examina- 
tion of the section showed on its edge a thin film of pearlite, 
possibly accounted for by the re-absorption of small amounts of 
carbon to form cementite, which changed to pearlite during the 
slow cooling. This point, however, requires further investiga- 
tion The major portion, however, was porous, structureless 
ferrite, with a few patches of pearlite near the center. 

Fig. 7, taken near the center of the section, shows the struc- 
ture of cast-iron heated 30 days The structure does not 
differ much from Fig. 6. A little fine pearlite is seen in scat- 
tered patches through the ferrite. The entire remainder of the 
section was composed of structureless ferrite. 

Fig 8 is from a photograph of white iron heated 40 days. 
Most of the structure is ferrite, with still a little pearlite in 
patches. Practically the whole bar has become structureless 
ferrite The very porous character of the iron becomes at 
once the mam cause of its weakness. 

From these photographs it will be seen that the process is 
practically complete inside of ten days. In fact, after a 6-hour 
heat, made by us, we were able to cut the bar entirely through 
with a hack-saw, showing that the carbide is nearly broken 
down within that time. But this was undoubtedly due mainly 
voi,. sxx.— 46 
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to tlie heat rather than to oxidation. The pieces used in this 
6-hour experiment weie packed similarlj to those of the 10-, 
20-, 30- and 40-day heats. 

Siihsequeiit heats show only a slow removal, by the same pro- 
cess of oxidation as in the first heat, of the small quantity of 
carbon still remaining It is seen that the temper-carbon 
yields quite easily to oxidation, leaving as traces the fine pores 
so frequently remarked in the photographs. The strength of 
the iron will be considered under another heading 

Fig 9 shows the structure of a piece of white iron, heated 
to 1150° C., and cooled slowly. The obvious great change in 
grain shows the effect of the slow cooling from a temperature 
considerably above the recalescence-point, which has developed 
the large grains of pearlite to an unusual degree. The net- 
work of the grain is eementite, which is found also in patches 
here and there m the pearlite grains themselves. The rapidity 
with which white iron is decarburized is attested by the fact 
that a thin ring of ferrite was noticed around the outside of 
this section. 

Fig. 10 shows the structure of a piece of white iron held at 
1100° C. for three hours, and cooled slowly. The effect of the 
longer heating is seen in the irregular net-work of eementite 
about the grains of pearlite. The section showed a band of 
ferrite about the outside, the main part of the structure being 
irregular grains of pearlite, as shown by the photograph. 

Fig. 11 presents a remarkable structure. The photograph 
was taken from the center of a section of white iron heated to 
1000° 0. and quenched in iced brine. It would seem that the 
structure is composed mostly of Osmond’s austenite. 

Fig- 12 shows the structure of most of the outer portion of 
the section. The constituent of the grain appears to be aus- 
tenite, and the net-work is martensite The presence of so 
much austenite seems to he somewhat contradictory to the 
experience of Mr. Osmond, who says that austenite is found 
only in steel of not less than 1 per cent, carbon, from wbicb 
point to 1.60 per cent, it increases, and above 1.60 begins to 
diminish. A glance at the photograph will show that, at least 
in the case of white iron, quenched rapidly from high tempera- 
tures, this constituent appears to form the main part of the 
structure. It seems to act here as the eutectic, martensite being 
the constituent separating out in excess. 



MICEO-STRUCTUIIE AED PHYSICAL PEOPEETIES OF CAST-IEOE. 741 


13 shows the structure of a piece of white iron held at 
1200 C for three hours. Faint outlines of extremely larg'e 
grams are seen, even larger than the grains m Fig. 9 The 
structure of the grain is pearlite, and the plain net-work ce- 
mentite The photograph well shows the effect upon the gram 
of slow cooling from high temperature 

Figs 14, 15 and 16 also present a remarkable structure They 
are taken from a section of white iron, heated to 1300° C and 
quenched in iced brine. Here also, as in Figs. 11 and 12, the 
major part appears to be austenite An examination of the 
whole section showed a series of concentric rings, having dif- 
ferent structures, namely a thin band of austenite out&ide , 
next, a band of the structure indicated in Fig 16, viz. large, 
round grains of austenite, with a coarse iiet-work of mar- 
tensite ; third, a rather narrow band of unusually regular hex- 
agonal grams, as shown in Fig. 14. Unfortunately, the 
photograph is not as clear as could he ivished , but a careful 
scrutiny of the figure will show large hexagonal grams, two 
short sides being parallel. The fine net-work is martensite, 
and the grain is austenite Finally, there is a small central 
portion of structureless austenite Fig. 15 shows the appear- 
ance before etching of the section shown after etching by Fig. 
16. It may he remarked, however, that the iron was in a pasty 
state, bordering on fusion, when quenched ; and it seems to 
us that this fact, and the sudden cooling from very high tem- 
perature, may partly explain the structure. The presence of 
austenite at both the center and the outside of the section may 
be due to partial decarburization (austenite replacing pearlite), 
since some time was occupied in raising the iron to the required 
temperature. 

Fig 17 shows the structure of a piece heated to 800° C. and 
cooled slowly The structure is practically the same as in the 
original white iron, and the section shows that the grain does 
not break up till after that temperature has been passed. 

Fig 18 shows the structure of the original grey pig-iron 
near the center of the section. It is made up of graphite and 
ferrite. The outer portion is nearly all ferrite with some 
graphite. 

Fig. 19 shows the center of a section from grey cast-iron, 
heated 10 days. The structure is unchanged. 
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Fig. 20 exhibits the structure near the edge of this section, 
showing how some of the graphite has been replaced by pearlite 
in the course of slow annealing and cooling. The main part 
of the outer band consists of patches of pearlite and a pretty 
large proportion of ferrite. An analysis of the outer part of 
the section showed 0 70 per cent 0., the center being un- 
changed. 

Fig. 21 is a photograph taken from near the edge of a sec- 
tion of grey iron, heated 20 days. The structure is ferrite, 
much more porous than the white iron, by reason, partly, of 
the more porous character of the grey iron, and partly of the 
oxidation and removal of graphite. The structure of the sec- 
tion IS distinctly banded About the unchanged dark core at 
the center comes a thin band of pearlite grains, then a hand of 
structureless ferrite, and lastly a thin hand of pearlite around 
the outside of the section. The marked increase of pearlite is 
the cause of the increased strength shown in the table of 
tests. 

Fig 22 shows the structure of a section from the 30-day 
heat The photograph was taken from the hand of |)earlite 
Burrounchng the dark core. Except that the dark core was 
smaller, the structure was the same as in Fig 21 

Figs 28 and 24 are from the 40'day heat. The section was 
composed almost entirely of structureless ferrite , a very little 
pearlite was observed at its center and edge. Fig. 23 was 
taken from near the center of this section, and shows both the 
structureless ferrite and the unchanged dark core. Fig. 24 
was taken from near the edge It will he seen from these 
figures that the oxidation of the graphite is a very slow pro- 
cess. The extremely porous and rotten condition m which the 
removal of the graphite leaves the iron, deprives it of much 
practical usefulness. In the pullmg-tests, it was observed that 
the iron had no elongation, and broke with a dull report. The 
tests from the 20- and 30-day heats, however, point strongly to 
pearlite as an element of strength 

Fig. 25 shows a section of grey iron which had received the 
same treatment as the white iron of Fig. 9, being heated to 
1150° 0. and cooled slowly. It is composed entirely of large, 
irregular grains of pearlite with a net-work of ferrite. 

Fig. 26 was taken from near the center of a section which 




White Iron Treated 10 Da 
950°. Edge of Bar. (3 
Diameters.) 


Longitudinal Section of the Original 
White Iron. (300 Diameters. ) 




4:s5 


White, Treated 30 Days at 950° 
(300 Diameters.) 


White, Treated 40 Days at 950°. 
(300 Diameters.) 




Wliite, Kept at llOO" for 3 Hours 
and Cooled Slowlj. (300 Di- 
ameters. ) 


White, Heated to 1150® and Cooled 
Slowly. (300 Diameters.) 
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White, Heated to 800° and Cooled 
Slowly. (300 Diametei’s. ) 


Original Grey Cast-Iron. (300 
Diameters.) 



Grey Iron, Treated 10 Days at 950°. Fig. 19, from Center ; Fig. 20, from near 
Edge of Section. (300 Diameters.) 



Grey Iron, Treated 30 Days at 
950°. (300 Diameters.) 


Grey Iron, Treated 20 Days at 
950°. (300 Diameters.) 


Grey Iron, Treated 40 Days at 950°. Fig. 23, from near Center of Section ; Fig. 
24, from the Edge. (300 Diameters.) 
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Grey Iron, Heated to 1000° and 
Quenched at 0°. (300 Diam- 

eters.) 


Grey Iron, Held 3 Hours at 1200° 
and Cooled Slowly. (300 Di- 
ameters. ) 
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Fig. 29. Fig. 30. 



Grey Iron, Heated to 1300° and Grey Iron, Heated to 800° and 

Quenched at 0°. (300 Diam- Cooled Slowly. (300 Diameters. ) 

eters.) 


received the same treatment as the iron in Fig. 10, being heated 
3 hours at 1100° 0. and cooled slowly. It shows large grains 
of ferrite, surrounded by graphite. Scattered patches of pearl- 
ite were observed near the center and at the edge ; otherwise 
the piece remained unchanged. 

Fig. 27 is from a hand around the outside of the section of a 
piece treated like that of Fig. 11, being heated to 1000° C. 
and quenched. This band is martensite; hut the center was 
composed of ferrite and graphite. 

Fig. 28 is from a section treated like that of Fig. 13, namely, 
heated at 1200° C. for 3 hours and cooled slowly. This section 
was composed mainly of large grains of ferrite with a fine net- 
work of pearlite, Hear the edge was a thin hand of structure- 
less ferrite. From this hand Fig. 28 was taken. 

Fig. 29 is from a section heated to 1300° C. and quenched, 
like that of Fig. 14. The section was composed of ferrite and 
graphite at the center, and a hand of martensite around the 
edge. Fig. 29 is taken from the latter portion. 

Fig. 30 is from a section heated to 800° C. and cooled slowly, 
like that of Fig. 17. The structure of the section was little 
changed from that of the original grey iron ; hut pearlite had 
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begun to appear in tbe net-work about tbe grains, and in 
patches near the edge. 

y. The Effect of Heat on the Physical Properties of 
White and G-rey Cast-Iron. 

Pigs 31 to 36, inclusive, show the effect of heat upon the 
position of Ar^ 

Specimens of the original white and grey iron, and specimens 
from all the long heats, were heated to 1200° C , and the 
cooling-curves were taken The diagrams show • Fig. 31, the 
cooling-curves of the original white and the original grev and 
also of a specimen of 0.50-earbon steel ; Fig. 32, the curves of 
the white and grey cast-iron from the 10-day heat. Figs 33, 
84 and 35, the curves from the 20-, 30-, and 40-day heats re- 
spectively; and Fig 36, the curves of the white and grey non, 
in vrhich the points shown in the previous diagrams are plotted 
In all these diagrams, the time of heating is indicated by the 
abscissae, placed at intervals representing 20 seconds and di- 
vided to 10 seconds, while the temperature is indicated by the 
ordinates, which record the deflections of the galvanometer in 
the Le Ohatelier apparatus, in tenths, similarly halved by sub- 
division The exact correlation of these with the degrees of 
actual temperature has not been made, by reason of difficulties 
encountered in the calibration of the pyrometer But the re- 
sults graphically plotted in the diagrams are valuable for com- 
parison among themselves, at least. 

The table on page 768 gives the results of the tension-tests. 
In connection with this table, and the diagram, Fig. 36, it is in- 
teresting to note that the best strength-tests were obtained at or 
near the highest position of the recalescence-point The grey 
iron shows this very well, and the white fairly well also. Since 
the increased proportion of pearhte probably accounts for the 
increased strength, we may perhaps say also that the general 
effect of pearlite is to raise the recaleseence-point. 

yi. Summary of Results. 

From the evidence set forth in this paper the authors believe 
themselves justified in drawing the following conclusions ; 

1 The malleable cast-iron process consists mainly of two 
steps fl) the breaking-down by heat of the carbide FcgC into 
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finely-divided temper-carbon and ferrite; (2) tlie slow oxida- 
tion of tbe temper-carbon, due to the formation of CO by the 
iron-oxide in which the iron is packed, and the subsequent 
combustion of the CO That the carbide yields easily to 
heat is proved by Fig. 9, in which almost all the cementite is 
lacking. 

On dissolving in a solution of double chloride of copper and 
potassium a specimen of white iron, so heated, we obtain a fine 
black amorphous residue as a result of the heating. This is 
temper-carbon. That this is subsequently oxidized to CO by 
the iron oxide in which the iron is packed, and that the CO 
escapes to be burned to COj, is proved by the chemical analysis 
which gave only 0 36 per cent, of total carbon in the outer oxi- 
dized ring of the iron, and by the blue flame seen burning at 
the box-covers. 

2. The breaking down of the carbide occupies but a com- 
paratively short time. This is obvious from Fig. 13, in which 
only a very little free cementite remains at the end of the 3- 
hour heat 

3 Grapliitic carbon is removed from east-iron with great 
difficulty. This is easily seen from the results of the long heats, 
in which a small black core of graphite and ferrite still re- 
mained unchanged m the grey east-iron, even after 40 days’ 
continuous heating 

4. Pearhte tends to form about segregations of graphite 
during long heating, and subsequent slow cooling This is 
attested by the grey cast-iron sections from the long heats. In 
each case a wmll-defined ring of pearhte was observed about the 
black graphitic core of the center of the section. 

5. A moderately long heating is beneficial to grey castings 
This is shown by the improved strength-tests obtained from 
the 20- and 30-day heats of the grey cast-iron 

6. The great porosity of grey cast-iron, due to the removal of 
graphite by long heating, is the main cause of its weakness. 
This is easily seen from the fracture of any of the grey speci- 
mens after long heating. The surface was dull, showing that 
the fracture had taken place through the holes where the 
graphite had been. 

7. It should be noticed that austenite occupies the same po- 
sition in the structure of the white specimens quenched from 
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Fig 32. 
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Fics. 36. 



Time of Annealing In. Days 

Cooling-Curves of White and grey Iron, plotted from 
Figs 31 to 35 Inclusive 


Table of Tension-Tests 


.Specimen 

Elastic 
Limit Lbs> 

Ultimate 
Limit Lbs 

Elongation 
Per cent 

Average 

Ultimate 

PerSq In 

PerSq In 

PerSq In 




f 43, 460 






40,300 



Original white iron’^ 



36,070 

40,300 

40,340 


39,690 




37,080 



White iron Heated 10 days 

i 29,800 
129,900 


39,940 

[38,300 

122,620 

40 

39,120 

Grey iron. Heated 10 days 



20,000 

1.1 

21,600 




22,160 


White iron Heated 20 days 

/ 29,750 
128,790 


35,660 

[38,660 

4.0 

37,160 

Grey iron Heated 20 days 


22,420 

[23,690 

0 9 

23,050 

White iron Heated 30 days 

129,450 

131,070 

] 

137,200 

39,500 

[42,900 

40 

39,860 


r 27,760 

1 

137,700 



Grey iron Heated 80 days 

\ 29,760 


38,000 

4.5 

85,930 

[ 26,740 

1 

i 32,090 



1 

132,900 

1 

139,200 



WTiite iron. Heated 40 days 

\ 27,200 

1 

1 39,700 

45 

' 39,800 


132,800 

1 

( 

.40,500 
^ 23,400 
27,900 



Grey iron Heated 40 days , 


1 

09 

25,200 

! 


1 

. 24,300 




* Tlie original grey iron was entirely used up in experiments, and, unfortu- 
nately, was not tested for tensile strength before they were begun 
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high temperatures, as pearlite occupies in the whitu specimens 
cooled slowly from high temperatures 

8. Pearhte is an element of strength This is obvious from 
our strength-tests for the 20- and 30-day heats on grey cast-iron, 
and more especially from the well-known high tensile strength 
of 0.80-carbon steel, in which pearlite composes the whole mass. 

9 Apj seems to be lowered by the presence of much com- 
bined carbon, as in the case of white iron This is well shown 
by the cooling-curve in Pig 31. 

The authors here wish to acknowledge their indebtedness to 
Prof. Howe for his constant advice and supervision of the vrork 
here set forth, and also to thank Messrs Isaac Johnson & Co. 
for their great kindness in permitting the long exjierimental 
heats to be made in their furnaces. 


An Occurrence of Limburgite in the Cripple Creek District 

BY B A STEVENS, VICTOR, COLO 
(Canadian Meeting, August, 1900 1 

In a low and gently sloping ridge extending some 1500 ft. 
southward from Squaw Mt, and now covered by the buildings, 
or crossed by the railroads and streets, of a portion of the city 
of Victor, there is an ancient volcanic vent or crater, which ex- 
hibits one of the most interesting phenomena of the great 
upheav'al and volcanic disturbance that hnilt np the hills of the 
famous Cripple Creek gold-field — of the period when mass was 
piled on mass to form the monntams and foothills , when fis- 
sures and craters opened, and lavas, welling np, overflowed 
the surface, until, finally cooling, they effectually choked their 
vents, thus forming many of the ridges that stand out in bold 
relief, and the dikes that seam the Continent. 

This particular occurrence, though limited in dimensions, 
shows in miniature certain stages of the eruptions of Etna and 
Vesuvius,* Kilauea and Loa, and illustrates what was (with 
the exception of the penetrating dikes) the closing chapter of 
the early volcanoes whose emanations have contributed to the 


Lyell’s Pnmipks of Geology, 11th ed , vol i , pp 606, 607. 
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coBStruction of thousands of square miles of the highlands of 
both hemispheres, and, on the Hiforth American continent at 
least, have played an active part in the mysterious cycle of ore- 
formation and deposition The rock here exposed is ]imbiiig- 
ite;'^ and the occurrence becomes douhl}’’ interesting, since 
this rock has not been positively identihed in any other locality 
111 the United States t 

According to Prof. Kemp, and as indicated by the analyses, 
limbiirgite closely allied to the nepheline-basalt of this dis- 
trict a rock also very rarely encountered elsewhere in this 

country 


Fig. 



1 00 76 SO 26 0 10 0 

SCALE 

The vent was formed at the intersection of two of the many 
fissure-systems catting the granite in this locality, having re- 
spective courses of K- 15° W. and K. 5° E. (Eig. 1). The 
main vent has a rude lenticular shape, being about 50 ft wnde 
in the center and 200 ft long. 

Prom its southerly end a dike extends some 250 ft. to the 
south, and at its northerly end another dike extends about 
200 ft. to the north, where it pinches and entirely disappears. 
Also, a small lateral dike passes around the main body to the 
west, changing from one fissure to another, and forming a 

* Microscopically determined for the writer in March, 1900, hy Prof J F 
Kemp, Kew York 

t G P Merrill, Bock Weathering and Soik, p 99 
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rough segment of a circle, umtiiig with the north dike 100 ft 
north of the main body (Fig 1) 

The granite of this locality contains oithocla.se as a principal 
constituent. The mica present vanes in proportion to the 
degree of alteration that the rock has undergone, the fiesh 
rock containing but little, while in that portion at or near the 
surface it reaches its maximum, the greater percent, under 
the latter conditions being doubtles.s an alteration-product from 
the ortboclase.^ A pegmatitic vein extends through the granite, 
forming a local limit of the limburgite southward, although 

Fig 2 



3 0 20 10 0 M 

SCALE 


a dike, presumably of the same rock, of the micaceous variety 
known as “ verite,” cuts through the granite for several hun- 
dred feet about half a mile to the south, having a correspond- 
ing course and occupying approximately the same fissure 
The only outcrop> so far observed is from the vein e. Figs 1 
and 4, to the point where the westerly branch leaves the main 
dike Here the fresh rock reaches the surface, and from this 
point specimens were taken for analyses and determination 
(See Fig. 4 ) 

The local study of this occurrence was made at the point 
(Fig 2), a cut on the Florence and Cripple Creek R. R., re- 

* Dana’s System of Mineralogy, 6tli ed , pp 320 and 631 
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ferred to by Mr. Cross’®' and Mr. Rickard ;t in a cut on tbe 
Midland Terminal R. R (Fig. 3); in a 300-ft. shaft on the 
easterly contact of the vent, and in a 60-ft. shaft at the easterly 
edge of the outcrop (Fig 1) 



SCALE 


There was no explosive outburst or violent ejection from 
this vent, although the upper portion of the filling exhibits 
considerable breccia, characterized by granite inclusions. As 



the lava welled upward, a crust was formed as it approached 
the surface The ebullition and pressure due to its hydro- 
static head continually shivered the crust into fi’agments, and 
at the same time shattered and dislodged the granite along 

Sixteenth Ann Bep U S Oeol Suiv , partii , p 77. 
t Trans , xxx , 378 fl900), “The Cripple Creek Volcano ” 
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the thioat of the vent, much of which was precipitated into 
the opening, lodging in the rapidly forming crust, and, being 
difficult of fusibility, and buoyant by reason of its compara- 
tively low specific gravity, was retained in the lava in its origi- 
nal condition, thereby producing the breccia now observed 

The broken condition of the granite adjacent to portions of 
the vent is very noticeable, and is fairly represented in Fig 3. 
There is no doubt that this was brecciated in place 

"With the exception of a small amount in the immediate 
vicinity of the outcrop, the limhurgite is so completely decom- 
posed and hydrated as to form a clay, speckled locally with 
mica and black hornblende, which crumbles away into a shape- 
less mass immediately upon exposure to the atmosphere. Its 
color under this condition, as seen on dumps and in shafts, is 
light bluish-gray to olive-green, except near the surface, where 
it has a reddish or yellowish cast, due to the oxidation of its 
iron-bearing mineral constituents. The dikes have a lamina- 
ted structure, the lamime being parallel with the walls, and 
readily zeolitize along the joint-planes The fresh rock is 
dark-green to greemsh-blaek in color, breaks with a massive 
conchoidal, uneven fracture, and has a glimmering surface. 
The structure is jointed, and, upon weathering, a rude ball- 
and-socket structure is developed. The most conspicuous 
mineral constituent is olivine, a hand-specimen of the rock 
showing fifty or more well-developed megascopic crystals of 
varying dimensions. Augite, magnetite, and an occasional 
crystal of mica, are visible under an ordinary hand-lens The 
ground-mass, according to Prof. Kemp, is composed of fine 
augite crystals, set in a clear, colorless, isotropic base, either 
glass or analcite. In the particular locality of this vent, no 
ore has been discovered , but both north and south of it good 
ore has been found closely associated with this rock 

In the opinion of the writer more extensive petrographical 
investigation in this district will prove beyond doubt that 
much of the rock now recogmzed as nepheline-basalt belongs 
to the limburgites. 

This lava, being very easily fusible, more so than the feld- 
spar-basalts, or even the nephehne-basalts of this district, 
seems to have been the residue after all the other dikes and 
rocks had cooled, filling openings, fissures and shrinkage- 

VOT. XXX 17 
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cracks produced by contraction and subsiding volcanic dis- 
turbances. Yery little energy seems to bave been exerted in 
the process of intrusion; and the dikes cooled so rapidly as 
not to adhere firmly to the granite walls 

Its structural characteristics and physiographic occurrences 
very closely resemble those of the nepheliue-basalt, both being 
very erratic, easily deviated from one channel to another with 
no visible connection, and, from a large and strong dike, sud- 
denly pinching and disappearing, never to reappear. 


Pyritic Smelting m the Black Hills. 

BT FRANKLIN B,, CARPENTER, PH D , DENVER, COLO 
(Canadian Meeting, August, 1900 ) 

pTRiTic smelting, so-called, as practiced in the Black Hills 
is pyritic smelting only m the sense that Dr John Percy uses 
the expression in his “ Metallurgy of Silver,” where he describes 
a process for smelting dry silver-ores in connection with iron 
pyrites, to form a regains 

The ores treated by this process in the Black Hills are very 
siliceous, averaging about 74 per cent of silica, from 10 to 20 
of iron oxide, 4 or 5 of alumina, and from 2 to 4 of lime. 

In 1889, while Dean of the South Dakota School of Mines, I 
took up the question of their smelting. There were neither 
copper- nor lead-ores in the Hills ; hence pynte and pyrrhotite, 
of which there are large deposits, were emiiloyed to form a 
regulus This mixture of pyrite and pyrrhotite, besides being 
absolutely barren of gold and silver, carried an average of 30 
per cent, of silica. The only basic material available as a finx 
for the great excess of sihca in the ores and in the pyrite was 
a dolomitic limestone Moreover, the local coke gave 24 per 
cent of ash, 60 per cent, of which was silica — as unpromising 
a set of conditions as can well be imagined. 

"We had before us the examples of Mr. "W. Lawrence Austin, 
of this Institute, who had experimented at Toston, Montana,* 
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and of Dr. Bartlett, now of Canon City, Colorado The whole 
literature of the subject was studied, and the situation at 
Kongsberg, ISTorway, seemed to be nearest our problem, but at 
all places where pyritie smelting was followed, one factor stood 
out prominently — the slags were always very silieeou'^, canw- 
ing about 50 per cent of silica We could not reduce them to 
any very definite formulie. They did not resemble any of the 
typical lead-smelter slags, nor did they always bit the oxygen- 
ratio of any definite or recognized silicate The best slags for 
the process were apparently those which, as Kerl expresses it in 
bis MetallhuttenlMnde^ approached a bisihcate ratio The slags 
which we found best for our material approached a bisihcate 
ratio, if alumina was figured as an acid (as is done at Mansfeld), 
but were more nearly the sesqui-silicate if alumina was con- 
sidered as a base. Table 1. gives the widest variations of slags 
made during my administration I have also calculated the 
oxygen-ratio. 


Table I — Analyses of Deadwood and Delaioare Slags 


Date 

S1O2 

FeO 

AI2O3 

CaO 

1 

^^0 pS 

Oxygen 
in Base 

Silicate Degree | 

BO 

S1O2 I 


Usual Slags Made with Dolomitic Limestone 




Jan 4, 1898 

50 6 

16 3 

23 

18 3 

11 9 

1 84 

1 

1.09 

2 

Jan 29, 1898 

47 5 

16 8 

49 

18 7 

11 8 

1 67 

1 

127 

2 ' 

Feb 17,1898 

45 7 

17 6 

61 

17 9 

10 1 

1.53 

1 

1 31 

2 

Dec 5, 1898 

49 1 

16 0 

42 

18 47 

10 6 

1 76 

1 

1 14 

2 

July 14, 1899 

48 0 

13.0 

54 

20 0 

12 9 

1 57 

1 

127 

2 

Sept 9, 1895 

49 0 

11 11 

5 86 

22 6 

12 04 

1 58 

1 

126 

2 

April 23, 1896 

47 5 

9 64 

7 00 

22 6 

9 10 

1 63 

1 

' 1 23 

I i 

2 1 


Experimental Slags Made with Pure Limestone 



July 24, 1894 

51 6 

19 50 

6 83 

171 

3.2 

2 08 

1 

1 0 96 ! 

2 

July 31, 1894 

481 

26 91 

910 

114 

1 9 

1.79 

1 

jinj 

2 


In Table I , the slags given under date of July, 1894, were 
made in an experiment with pure limestone They were not so 
satisfactory as those made with dolomite Their oxygen-ratio 
probably gives the real reason. 

It was seen very early in our experiments that iron for fl.ux 
was out of the question, and that, save the little that the ores 
carried, we must rely upon lime and magnesia as bases. I was 
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acq,iiamted with the Mansfeld slags, in which the iron some- 
times falls as low as 4 iier cent, while the alumina may reach 
15. In Table H , analyses of the Mansfeld slags are given for 
the purpose of comparison. 


Table II. — Analyses of Mansfeld Slags, 




SiOj 

FeO 

AI2O3 

CaO 

MgO 

Oxygen 
m Acid 

Oxygen 
in Base 

Silicate Degiee 


Cu 

RO, 

S1O2 

1 . 

0 6 

50 0 

87 

15 6 

20 3 

44 

159 

1 

1 25 

2 

2 

0 3 

47 6 

47 

14 8 

18 4 

67 

1 65 

1 

1 21 

2 

3. ' 

i 0 25 

53 8 

44 

44 

331 

1 70 

218 

1 

0 92 

2 


1 0.3 

48 47 

4 64 

17 0 

23.2 

22 

166 

1 

1 28 

2 


' 03 

46 4 

2 77 

16 52 

21 51 

0 86 

1 66 

1 

1 20 

2 


0.75 i 

48 2 

10 75 

16 35 

19 3 

32 1 

152 

1 

] 32 

2 


0 2 

48 4 

5 89 

18 17 

19 5 

8 02 

1 38 

1 

1 43 

2 


03 I 

[46 8 1 

7 21 ! 

17 64 

19 15 1 

3 68 

148 

1 

1 36 

2 


03 1 

! 57 4 

i 1 

7 47 

7 83 

23 4 

0 87 

2 47 

1 

0 81 

2 


HoTE — ^At Mansfeld A^Os is figured as acid I have here figuied it as a base 
in order to eotnpaie these slags with mine 


I have figured the alumina as a base, as we always did in our 
work at Deadwood, "With the Mansfeld slags before me, and 
the knowledge that, in iron-smelting, slags (cinder) are made in 
which there is not — ^intentionally at least — any iron, I was not 
discouraged over the slags. I had before me the work of Percy 
and Smith upon silicates, and their methods of experimenting 
■with crucible-charges As I was restricted to a siliceous ore of 
even composition, barren pynte and magnesian limestone, I set 
myself to work to see what slags I could make most easily and 
profitably of these materials. I mention the method of experi- 
menting, as it may, some day, he useful to others. 

At this time there were associated with me, at the Dakota 
School of Mines, Dr. H. 0. Hofinan, now of the Mass. Inst, of 
Technology, and Dr. W. P. Headden, both of whom made val- 
uable suggestions The actual experimental work, which was 
long and tedious, was done under my direction by Mr. Theodor 
Enutzen, then a laboratory-assistant at the School of Mines, 
and for years connected with the smelting-works afterwards 
erected at Deadwood. 

My idea was to take certain quantities of ore and limestone, 
and of pyrite, raw and roasted, and melt them together in a 
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crucible, after the manner of Percy and Smith, until I had de- 
tei mined the most fusible and desirable charge, as well a^ the 
most profitable, that could be made from these constituents 
We used Hessian crucibles about six inches high, and an ordi- 
nary crucible-furnace. The material was finely ground, and 
many charges in varying proportions were tried, the endeavor 
being always to use as much ore and as little limestone and 
pynte as possible We added carbonaceous material to the 
crucible-charges, usually in the form of wheat-flour, so as to 
imitate as nearly as possible the action of a blast-furnace. 
After some experimental work, it was found that a charge com- 
posed of 40 per cent siliceous ore, 45 of magnesian limestone 
and 15 of raw pyrite gave a clean fluid slag, and a matte but- 
ton at the bottom of the crucible carrying practically all the 
gold and silver, thus getting the results which, according to 
Bloxam, are obtained from the smelting together of lime, quartz 
and pyrite, at Zalathna in Hungary. These slags were analyzed, 
and attempts were made to deduce formula for them The 
only noticeable feature was that the slags were high in silica 
and (though made without the use of copper) were free from 
gold and silver, or nearly so 

Dr Hichard Pearce has shown that pure iron sulphide does 
not dissolve gold, while the experiments of E. Gr. Spilsbury-^ at 
the Mass. Inst, of Technology, in matting the auriferous sul- 
phides of Horth Carolina, showed that gold could not be con- 
centrated in an iron matte satisfactorily. I will refer to this 
later. 

Having done so much with crucibles, the next point was to 
do the work in a large way Six thousand dollars was sub- 
scribed, with which I bought a 36-in round water-jacket ftir- 
naee, a blower and engine and boiler, and seven car-loads of 
West Yirginia coke, and erected an experimental plant, the 
so-called “ baby smelter.” 

The charges which had worked best in the crucible-experi- 
ments were tried, I confess, with much anxiety ; for my lead- 
smelting friends, with scarcely an exception, predicted failure 
and dire disaster The first slags were duplicates of the ex- 
perimental ones, and the furnace ran as smoothly as at any snb- 
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seci[uent run. I made a car-load of iron matte, carrying about 
12 oz of gold, 60 oz of silver, and no copper, took it to Omaha, 
sold it to the smelter there, and returned to the Hills with the 
arpimentwii ad hommem, the cheque in hand. 

The work in the crucibles was never much modified. The 
slags from the blast-furnace, however, while fairly clean, were 
not so notably so as in the crucible-experiments ; and this led 
me to heheve that a reverberatory furnace would possibly have 
done better work, as it would more nearly have imitated the 
crucible-experiments. It is said that when this raw-smelting 
was practiced at Freiberg, the reverberatory was preferred. 
We found it advisable to use somewhat more pynte in our 
blast-furnace work than had been found necessary in the cru- 
cibles. 

The ‘‘ baby ” or experimental plant was operated for several 
months, when it was decided to build a larger plant upon the 
same lines Our first Raschette furnace was hut 84 in. long; 
the next ones were 120 in , and the last furnaces erected were 
144 in. long Different degrees of bosh and of width were ex- 
perimented upon. We found 86 inches about the best width.* 

For many months the charge remained siliceous ore, barren 
pynte and limestone The first change was the substitution of 
Homestake stamp-mill concentrates for a part of the barren 
pynte ; and after several years the barren pynte was replaced 
by copper-sulphide ores from Butte, Montana The Home- 
stake concentrates gave rise to large quantities of flue-diist, 
which in time became very annoying. All attempts at briquet- 
ting the concentrates, even with costly presses, failed The 
problem was finally solved by re-smelting the flue-dust m large 
reverberatory furnaces, and adding the resulting low-grade 
iron-matte to the ore-charge of the blast-furnaces 

During our experimental work, I made one experiment in 
briquetting the concentrates that promised success I bought 
a tank of the so-called “ sugar-waste ” of the sugar-refiners It 
is a coarse molasses. I mixed up the concentrates with it and 
water, as a mason mixes mortar. When it was allowed to dry, 
it gave good results, hut the plant smelled like a candy-factory, 

Pig 1 is a Tiew of a still more recent furnace, designed and Luilt under the 
writei ’s direction for the treatment of Cripple Creek ores by the Rocky Mountain 
Smelting Co , at Plorence, Colo The hearth is 36 in wide by 180 m long 
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and apparently all the flies in South Dakota came cIoytl to in- 
vestigate. The sugar-waste was not only cheap and did the 
work, but it also added carbonaceous fuel to the furnace as 
well. I believe the idea is well worth following out 

Our practice, as at Mansfeld, where the ores also consist of 
earthy minerals low in iron, gave rise to “ sows ” or bodies of 
metallic iron At Mansfeld these sows were formerly sold in 
England at the price of pig-iron The ores at Mansfeld carry 
no gold, and these iron sows do not take up the silver. Had 
we been smelting only silver- or copper-ores, we might have 
disregarded them ; but owing to the gold in our charge, and 
the afifnity of metallic iron for it, these sows were our richest 
product. In time they came to replace the brick in the fur- 
nace-hearths and foundations They were virtually blocks of 
solid metallic iron, weighing from 20 to 40 tons, and carrying 
sometimes 20 oz. of gold per ton. It was extremely difficult, 
as well as very expensive, to break them up, but we formerly 
accomplished this by boring holes with a ratchet-drill and re- 
peatedly “shooting” them with dynamite, as many as fifty 
shots being sometimes required to break open the larger 
masses. 

This was repeated until pieces of 100 or 200 pounds’ weight 
were thus obtained Sampling them was out of the question , 
but I made arrangements to have them smelted by the Omaha 
and Grant Oo., which treated them with a lead sulphide carry- 
ing no gold. As our sows carry little or no silver, the bullion 
obtained by this process was kept separate, and sampled alone, 
to the entire satisfaction of all concerned. 

One day I found an account of the method formerly employed 
by the Detroit Copper Co. in treating large masses of native 
copper, which was to place them upon the hearth of a rever- 
beratory furnace and smelt them down with pyrites I set 
about arranging one of our reverberatories with a removable 
top and large traveling crane, intending to do the same with 
my iron sows, when the foreman suggested the passing of them 
beneath the roof of the furnaces at such times as it became nec- 
essary to rebuild the flues, wffiich would save altering the roof. 
The first time a flue came down we placed 40 tons of “ sow ” 
or metallic iron upon the hearth, charged the furnace with raw 
pyrites and copper-ores, and fired the furnace At the end of 
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three clavs there was no sow in the furnace, nor was the hearth 
in the least injured, and several hundred ounces of gold had 
been recovered at mere nominal cost. 

The slag and matte at Deadwood run together from the end 
of the furnace into a fore-hearth, either 3 by 5 or 4 by 4 ft. in 
size, and 2 ft deep, where the matte settles in the bottom, 
wliile the slag overflows into large slag-trucks This fore- 
hearth is upon wheels high enough to run a matte-pot under 
its tap-hole As fast as the matte accumulates, it is tapped 
from the bottom of the hearth into a pot The fore-hearth is 
lost, usually by the accumulation of metallic iron or “ sow,” 
that raises the bottom above the tap-hole. These fore-hearth 
sows are identical ui composition with those formed in the in- 
terior of the furnace, and are treated in the same manner as the 
furnace-sows Owing to their small size, they offer no diffi- 
culty in the way of handling or breaking up They usually 
weigh from 800 to 1000 lbs 

It was my theory that this metallic iron helped to clean the 
slags, and I did not really care to overcome its formation , but 
others have tried to do so. It was my theory that if the gold 
were not recovered in the sows, it would be lost in the slags , 
and here is, in my opinion, the solution of the question of clean 
slags in the use of iron pyrites free fr’om copper. 

The Deadwood iron matte was never a pure mono-sulphide, 
but a subsulphide carrying metallic iron, some of which could 
be separated as “ metalhcs ” by grinding and sifting. Traces 
of copper existed, while the matte always carried silver and 
arsenic. The traces of copper, silver and arsenic would, of 
course, take it out of the experiments of Dr. Pearce, to which 
reference is above made ; hut to my mind it was the metallic 
iron which cleaned the slags. 

In a discussion of this question before the Colorado Scientific 
Society, it was remarked that if Dr. Carpenter would add more 
pyrite, he would avoid sows. It is a question whether, with 
our slags, this would be the case. At Kongsherg, where py- 
rite IS added to the smelting as we added it at Deadwood, Sam- 
nelsen found that an increase in pyrite meant an increase in 
the metallic iron so reduced.* This was our experience at 
Deadwood. The formation of sows could he lessened, however, 
by cutting down the amount of coke used, and thus lessening 

See Crookes and Boling’s English edition of Kerl’s Metallurgy, vol i , p 225 
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the redueing-action of the furnace. As this invariably meant 
an increase in the amount of gold lost in the slags, I aimed 
always to make some “ sow.” 

Before it was possible to obtain copper, it was Mr. Kiiutzen’s 
idea that it paid to add waste metallic iron to the charge, pur- 
posely, to make sure of the presence of metallic iron in the 
furnace. 

Fie. 1. 


Blast-Furnace of tlie Eocky Mt. Smelting Co., Florence, Colo. 

I believe that a process for smelting the Siberian black sands, 
so that the gold might he recovered in metallic iron, was once 
proposed. From our experience at Deaclwood, I have not the 
least doubt that it would have been successful. Even after we 
obtained the copper-ores from Butte, the amount of “ sow ” was 
ill no way diminished. At Mansfeld it has been fonncl impos- 
sible to prevent the formation of these sows, although there 
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they serve no possible purpose unless it be to collect the small 
traces of nickel and cobalt in the ores As the pyrrhotite was 
known to be slightly nickeliferous, I often iiitendecl to have 
our “ sows ” tested foi nickel, but never did so 

The percentage of matte made at Deadwood is very low, 
seldom exceeding 5 per cent, of the weight of the charge, and 
formerly sometimes fell to 2 or 3 per cent — and here I wish to 
note a peculiar experience Before the use of copper, we could 
not always control the percentage of matte to be maide Some- 
times almost the whole of the iron would go into the slags, and 
no matte would be made At such times one would expect that 
the slags would carry the whole of the gold, but such was not 
the case They were not noticeably more foul than at other 
times I note one run of eighteen hours without matte, while 
it Avas common for hours to pass with little or no matte appear- 
ing. “ SoAV ” was doubtless formed , but if so, it remained in 
the furnace, and with it the gold. 

Ill the Altai mountains, where pyritic smelting is practiced 
(I use the term “ pyritic smelting ” always in the sense in which 
Percy first used it), the matte frequently falls to 2 or 3 per cent 
We found the matte, however, much richer than usual, and I 
have made iron matte at such times exceeding 25 ounces of 
gold per ton. I am strongly of the opinion that, if the reduc- 
tion of iron can be controlled in this form of smelting gold- 
ores, copper may be disregarded, especially when it is handled 
at a great loss, as at Deadwood. 

Many persons have supposed that these high-silica slags are 
made only at a high formation-temperature. Prof. Ilofman, in 
a most valuable paper, f has recently investigated the tempera- 
tures at Avhich certain silicates are formed In one senes he 
gives the result of the addition of silica to the ordinary slag of 
the lead smelter He adds silica by regular steps, and plats the 
result ill a cuive The formation-point from 0 5 to 1 25 silicate- 
degree shows hardly any variation. The slags are formed 
at about 1180° C The formation-temperature then falls ofi:* 
rather rapidly until the bi-silicate (2) is reached, and then less 
rapidly to a point half way between the 2J and the tri-silicate 
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(3). After the tri-silicate, ■which is formed at a much lower 
temperature than the mono-silieate, the curve rises very rapidly. 
At the basic end, however, the slags, he says, are very fluid, 
and melt down rapidly, while toward the acid end they melt 
down rather slowly and are far from fluid, notwithstanding 
their low formation-temperature 

Again, in the replacing of lime -with magnesia, the formation- 
temperature rises raiiidly until one-eighth of the lime has been 
replaced with magnesia, then it falls until oiie-fouith has been 
replaced ; then rises until one-half has been replaced, and sud- 
denly falls until flve-eighths have been replaced , and then rises 
rapidly until the whole of the lime is replaced, where it reaches 
a formation-temperature too high for metallurgical work 

The curve, after the addition of magnesia, while it falls at 
two points rather low, at no time reaches the line of the basal 
or normal hme-iron-sihcate. 

That the same or a similar curve would be obtained if a dif- 
ferent percentage of silica were used, as for instance in our Dead- 
wood slags, is probable , but the use of magnesian limestone 
for our slags was preferred to the pure limestone. Nothing 
like a scientific attempt was ever made to determine the forma- 
tion-point of our slags, hence I cannot say that they were less 
fusible than they would have been with all lime and no mag- 
nesia They did seem more liquid, and certainly less magnesian 
limestone was required for the same work This was due, of 
course, to the lower combining weight of magnesia. One part 
by weight of silica to form a bisilicate slag requires 0.93 parts 
of lime, but only 0 66 parts of magnesia. 

Again, the Hofinan curves show that the formation-tempera- 
ture falls when lime is replaced by alumina It falls below the 
line of his basal silicate until as much as three-fourths of the 
lime has been replaced by alumina. The slags, however, were 
very viscid. How if magnesia raises the formation-point above 
the normal, and alumina lowers it, the net results might be, in 
our slags, not only to cancel each other’s effects, but to give a 
more fluid slag, owing to the multiplication of bases, which in 
a general way is kno^vn to have that effect. 

In pyritic smelting the slags must possess distinct char- 
acteristics — even if accomplished at the sacrifice of other points 
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First. They must be of low specific gravity, owing to the low 
specific gravity of the matte, that a perfect separation may be 
had by gravity. The high silica, lime, alumina and magnesia, 
and low iron, tend to bring this about Second. In order to 
have time for the matte to settle out they must not chill too 
quickly. It is desirable, therefore, to form a slag which will 
remain fluid as long as possible The low formation-points of 
the high-silica slags tend, I think, to aid this 

Before the appearance of Prof Hofinan^s paper the peculiari- 
ties of slags were known only in a general way , and, speaking 
for myself, I knew more from the work of Percy and Smith 
than from any other sources. Percy did not, however, do 
more than to make mixtures and melt them in crucibles and 
note the results. In determining what silicates I could make 
at Beadwood, I simply followed the Percy-Smith methods ; hut 
by the aid of Prof Hofman’s paper it is now possible for the 
first time to predict what effects certain elements will have. 
In new work that I am doing for a matte-smelting plant at 
Buena Vista, Colo., and another for Cripple Creek ores, I have 
found this paper of great value. 

In our slag-calculations we saved time by the continual use 
of Balling’s well-known tables. The problem in our sort of 
smelting is very simple We determined by means of the 
second table how much sihca was fluxed by the iron, lime, etc , 
contained in the ores, subtracted it from the total amount to be 
fluxed, aud then, by means of the first table sought how much 
limestone must be added to take care of the remaining silica. 
Of course a chemist can do all of this without the aid of tables, 
and moreover, since the publication of Roberts- Austen’s work 
and of Hofman’s “ Lead,” these tables are easily obtainable. 
That they may he still more easily had I give them here, 
feeling that their publication by the Institute will be appre- 
ciated. 

If anyone doing this kind of smelting will keep his slags be- 
tween 4RO, SSiOj, andRO, SiOj, his troubles will be few; pro- 
vided he has proper bases — t e., lime and iron, etc. If there is a 
trade-secret about matte-smelting for gold aud silver, it is this 
only. The Balling tables will enable the most ignorant to ob- 
serve these limits. The “ typical ” slags of Hes, Filers, Schnei- 
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Table III — Balling’s Tables fiom “Coiivpeiidaua der Jletal- 
lurgtschen Chenue ” 


One Part by Weight of Silica 
Eeqmres 

Part': by 
Weight of 
Bases 

One Part bv Weight of Bases 
Eeqmres 

Paits bv 1 
Weight of 1 
Silica 

Fot Smgvlo-Silieaies 

Lime 

1 86 

Fo) Singido-Silieates 

Lime 

1 

Magnesia 

] 33 

Magnesia 

0 750 ! 

Alumina 

1 14 

Alumina 

0 873 ! 

Ferrous oxide 

2 40 

Ferrous oxide 

0 416 1 

Manganous oxide 

2 36 

Manganous oxide . 

0 422 ! 

Foi Bi-iSihcates 

Lime 

0 93 

Foi Bi-Silicates 

Lime 

' 1 070 

Magnesia 

0 66 

Magnesia 

1 500 

Alumina . . . 

0 57 

Alumina 

: 1 747 1 

Ferrous oxide 

1 20 

Ferrous oxide 

0 883 

Manganous oxide 

1 18 

Manganous oxide 

1 0 845 1 

For Sesqui-Sihcates 

Lime 

1 24 

For Sesgiu-Silieatei, 

Lime 

0 803 , 

Magnesia 

0 88 

Magnesia 

; 1 125 ; 

Alumina 

0 76 

Alumina 

! 1 310 1 

Ferrous oxide 

1 60 

Ferrous oxide 

' 0 625 1 

Manganous oxide 

1 57 

Manganous oxide 

0 633 


der, Eaht, Halin, Page and Livingston may be left as guides 
for the lead-smelters, who have need of them by reason of a 
■widely different problem. To the matte-smelter they are not 
only useless, but confusing, and, I believe, often the cause of 
failure. With the iron matte low in copper, it is immaterial 
whether a little more or less iron goes into the slag ; the re- 
sulting matte will carry the gold and silver in any case. The 
smelter in this line is not concerned with problems relating to 
the sconhcation of copper and lead. 


Eeeining and Disposition oe the Matte. 

With iron matte, or matte very low in copper, there exists 
usually no problem, for it can be sold to the lead-smelters. With 
high percentages of copper in the matte, however, there is a 
difficulty. It carries usually too much gold for the ordinary 
copper-reffnenes, and too much copper for the lead-refineries 
At one time, about 1892-93, we had a difficulty in disposing 
of our matte We erected a lead-ffirnaee, bought lead-ores, and 
crushed and added the matte raw to the lead-charge. I found 
that the matte gave up nearly the whole of its gold to the lead. 
It still contained much silver. This matte was very different 
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from tlie “ first matte,” and for want of a better name we called 
it after tlie Germans, “ lierd-rolisteiii ” (hearth matte), and 
added it to the matte-smelting charge , but owing to its eon- 
taimiig lead, this treatment had not much success, as the lead 
was lo^st. The resulting bullion in the lead-process— very high 
in gold — ^was sold to the lead-smelters Tearing that they 
might decline to buy this, also, we erected one very large cupel, 
and two smaller ones, all of the English type, intending to 
cupel the bullion and add the resulting litharge to the lead- 
process. The whole process was borrowed from pyritic smelt- 
ing as it is practiced in Kongsberg and in Russian Siberia, save 
that I used an ordinary American lead-smelting furnace and 
English cupels The process, except as to the loss of lead in 
the matte-furnace, was promising, and, in the favorite language 
of the patent-right man, « continuous.” The “ first matte ” 
went into the lead-furnace, the second or hearth-matte back 
into tbe matte-furnace. The lead-hullion went to the cupels, 
and the litharge hack to the lead-furnace I do not know how 
this experiment would have ended ; for our difficulties with the 
lead-smelters were adjusted, and our relations with them ever 
afterwards remained of the most pleasant character 
The idea of refining, however, continued with me, and in 
connection with Mr. Arthur Howe Carpenter, I made many ex- 
periments, sometimes original, but more often after the lines 
laid down by the old metallurgists, who seemed to have cov- 
ered, in theory at least, about everything. The most satisfac- 
tory process, and the one I should have followed had I remained 
at the works, was that laid down hy Jars (I think in 1784) and 
quoted by Percy in the first edition of his Metallurgy. After- 
wards it was patented by the Yivians and others, and forms the 
first step, at least, of the Argo process It will he remembered 
that our process was mainly for gold, and that copper-matte so 
high in gold was not desired hy electrolytic copper-refiners. 
Any process that would take out the gold and other “ impuri- 
ties ” would fit it for their process. The first step is the well- 
known copper-bottom process described for us by Hr. Pearce m 
his presidential address,* 1 proposed, not to try to separate 
the silver from the matte, hut to proceed at once to the cop- 


Tt ms , xviu,, 55 
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per-bottom process, wliicii I thought might be performed 
either by the French “ selecteur method,-^ or as is now done 
at Argo. 

The resulting product — ^high-grade copper-matte — having 
given lip nearly all of its gold and much of its silver, could be 
blown up to blister-copper and sold directly to the refiners. 
The copper bottoms I granulated, oxidized and cast back into 
matte, and effected a second “ selecting,” similar in all respects 
to the first 

This selecting process is not wholly successful unless the 
copper-matte is impure , a certain percentage of lead lieing nec- 
essary. This lead is, of course, conceutrated m the first bot- 
tom or “ selecting,” so that this carries a very large percentage 
of lead. In the second selecting, this is so increased that the 
resulting bottom may be at once cupelled — often requiring lit- 
tle or no additional lead In fact, the first bottom can be di- 
rectly cupelled, with the addition of lead, if so desired , the 
coppery litharge being, as shown by Samuelsen,t even more 
fusible than the purer litharge of the ordinary methods In 
practice, six parts of lead to one of copper give very satisfactory 
results. The coppery litharge forms a product which can be 
treated by the lead-smelter, who has but to add it to his ore- 
charge — ^the lead going to the hullion, and the copper to the 
matte. 

It is unnecessary actually to repeat the selectmg-process m 
all its details upon the first bottoms as above described. 
Equally good results, with much less trouble, can be had by 
simply returning the first bottoms, or “ plates,” to a reverber- 
atory furnace, with additional sulphide material, and running 
them over and over until they are sufficiently reduced in size 
for final treatment by cupellation with metallic lead The re- 
sulting coppery litharge is easily reduced to metallic lead and 
matte by treatment in a small reverberatory or “ softening ” 
furnace, with galena, or iron pyrite ; the lead may be used 
over and the matte is returned to the ore-smelting. 


* Described in tbe Eng and Min Jmr , October 22, 1898 
f Percy, Silver and Gold, p 513 
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A Method for Obtaining the Volume of Small Drifts 
and Working-Places, Where it is Impossible 
to Use a Transit. 

BY C. S HERZIG, VIRGINIA, MINN. 

(Canadian Meeting, August, 1900.) 

In the Engineering and 31inmg Journal of Jm. 27, 1900, there 
appeared an article by Fred T. G-reene, describing a method of 
measuring stopes by the use of strings, a clinometer and a 
tape. 

In the early part of 1899 I had occasion to use a somewhat 
similar method, for the purpose of accurately ascertaining the 
volume of a very irregular drift connecting two mines. This 
drift was an important factor in a lawsuit for |1 50,0 00, in 
which it was necessary to determine accurately the volume 
originally occupied by the material extracted from the drift. 

While it is unnecessary to give all details of the controversy, 
some explanation of the conditions is required for a clear un- 
derstanding of the following description. This drift was 
started by the “ K” Co. from its workings, in about 7 ft. of 
ore, and headed toward the “ G.” property, the plan being to 
extract all the ore between foot- and hanging-walls, but to take 
out nothing but ore. As the “ G.” workings were approached, 
the ore-body became very irregular and much thinner. It 
was, however, very closely followed, and where the drift broke 
through into the “ G.” workings, the hole was only 11 inches 
high by 14 inches wide, or just about the size of a man-hole in 
a boiler. Thus, this connection-drift tapered sharply ; and the 
very irregular foot-wall sloped toward the “ G.’’ workings, and 
entered them at a place where the stope was only about 3 ft. 
high, and the ground had already commenced to cave. It may 
be added that the ore-body was a nearly flat deposit of lead 
carbonate in limestone, the ore and gangue being quite soft. 

I was called upon by the “ G.” people to make the survey 
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required to sliow tlie relation of this drift to tlieir own work- 
ings. The opening into tlieir own stope being so small, the 
roof being so low, and the drift itself being so irregular, it 
was quite impossible to get any satisfactory results with the 
transit in the ordinary way, because it was impossible to set up 
the instrument in any position outside the hole so that a new 
station could be located within, high enough to permit setting 
up the instrument. Upon consideration, I devised a method 
which gave us the volume very accurately and tied this drift to 
our other workings. What was sought was a series of parallel 
cross-sections, at a known distance apart, from which we could 
calculate the volume, as in railroad earth-work. 

About 7 ft. in front of the 11 by 14 in. hole, and about 
square with it, stood a 12 by 12 in, post. A horseshoe nail 
was put in each of the two edges facing the hole. Two nails 
were now driven at A and B, Fig. 1, into the roof of the drift us 
far inside as was feasible, and strings were stretched between 
them (aA and bB, Fig. 1). 

Then working up from the nearest station, a new transit 
station, I, was located as far away as possible, yet in such a 
position that all the string outside the hole was visible. From 
this station two points on each string (a and a^, h and were 
now carefully located and marked by means of fine piano-wire 
wound around the string; a and h were placed close up to the 
nails in such a manner that a line connecting them would 
make about the same angle with each of the strings ; and 
were put as far along the strings as they were visible from the 
instrument. 

Sighting at a, the distance la was measured and the vertical 
angle was read. The angle ala^ was next turned off and read, 
after which the distance Zaj was measured, and the vertical 
angle was read. Thus we had two sides and the included an- 
gle of the triangle ; however, as a cheek, the distance aa^ was 
measured. A similar operation was gone through with hlhy 
In this manner the plane of the two strings was accurately lo- 
cated. The next step was to measure the distances aA and hB. 
This done, as many parallel cross-sections as were desired could 
be obtained with the aid of plumb-bobs, nails, fish-line and a 
tape. The locations of these cross-sections were selected in an 
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arbitrary manner, according to the irregularities of the drift, so 
as to obtain the precise volume. 

The modus o'perandi was as follows: Let us assume that a sec- 


Fig. 1 



PLAN OF DRIFT, 

SHOWING ARRANGEMENT OF STRINGS, Etc, 


tion was desired at, say, Jg, Fig. 1. The distance from a to 
was measured along the string aA, say 16.3 ft. ; the same dis- 
tance, 16.3 ft. was laid off on bJB from 6, and each point was 
marked with a lead-pencil on the string, or by a string tied 
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around the point, lis’ails were then driven in the roof, directly 
over these points, in such a manner that plumb-lines suspended 
from them just touched the strings aA and bB at the marks, 
ftg and 65 . By this means, two points in the roof (e and d. 
Fig. 2) and two points in the floor (e and/) ivere fixed, by 
measuring the distances e, a. e, d, and f. It was found 

Fig. 2 


d 



CROSS-SECTION OF DRIFT AT POINTS AND 63 , Fig. 1, 

16.3 feet from c* and b. 

convenient in most cases to mark the points in the floor with 
nails. 

Points g and iwere next located by stretching a string across 
the drift, so that it just touched at and 6 ^; and then the dis- 
tances i and g were measured. It will be seen that g and i 
points in the plane of the strings Aa^ Bh. Point h was 
vox. XXX. — 48 


are 
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next located by making an oi^et of, say, 0.9 ft. from Cg toward 
i, and measuring vertically to the roof. Point k was fixed by 
measuring, say, 0.8 ft. down both from cXg and and measuring 
across the plane of these two points, which is parallel to the 
plane of the two main strings. 

A s many points as are desired may be located in a similar 
manner, the main idea to he kept in view being that all meas- 
urements should be made vertically, or in a plane parallel to 
the plane of the two main strings. 

A sketch of each separate section is made in the note-book 
and all the measurements are marked thereon; the sketch be- 
ing labelled at the top of the page with the distance from the 
initial points a and b. 

Having secured as many sections as are desired, the ofiice- 
work to he done consists of a series of very simple calculations. 
Prom the work at the instrument, after the proper calculations 
have been made, the plan and elevation of the plane of the 
strings can be drawn, and from these the horizontal distances 
between the difihrent sections can he scaled off; or, knowing 
the angle of inclination of the two strings, we can calculate the 
distances horizontally. Each cross-section can he laid off ac- 
curately with triangle and T-square, and the area can he calcu- 
lated in the ordinary way. 

Having calculated the areas of all sections, and knowing the 
horizontal distance between each two, the volume of each 
prism can he obtained by the formula : 

Volume equals one-half the sum of the area of the two bases, 
multiplied by the altitude — ^the bases being any two adjacent 
sections, and the altitude the horizontal distance between them. 
The sum of all the volumes gives the total volume, up to the 
line across the two points A and B. 

From our previous work we have the location of these points 
A and JB ; to obtain the remaining volume, we set up our 
transit under either A or B and proceed to make cross- 
sections from onr instrument in the usual way. 

It should he added that the two sketches showu herewith are 
hypothetical, as I have no drawings of the real workings at 
hand. 
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The Evolution of Mine-Surveying Instruments. 

BY DUNBAR D. SCOTT. HOUGHTON, jnCH. 

(See Trans., xxviii., 679 ; xiix., 9S1.} 

Continued Discussion. 

Alfred C. YouNGf (communication to the Secretary) : Before 
the appearance of Mr. Scott’s paper in these Tra'iisactlons we 
were not specially interested in the investigation which he 
has started ; but at his request we have endeavored to collect 
from musty records and the recollection of our old friends a 
brief chronicle of the progress made by this house. 

As 3000 instruments were manufactured by us before any 
descriptive record was kept, and 2000 more before the record 
contained more than a statement whether the instrument was 
a transit or a level, and sometimes its size, we approach the 
task with timidity, trusting that the reader will bear the diffi- 
culties in mind, particularly as the writer’s predecessors, from 
whom, no doubt, the information desired could have been 
obtained, have passed away. 

Instruments for surveying were manufactured by David 
Rittenhouse, of Philadelphia, as early as 1760; but it was not 
until late in the first quarter of this century that there was any 
American market for an instrument outside of the ordinary 
surveyor’s compass. With the advent of canals and railroads, 
and the more extensive development of the Pennsylvania coal- 
fields, arose a demand for surveying-instruments to meet prob- 
lems in engineering beyond the limited field of the compass. 

On May 1, 1820, in which year the practical mining of 
anthracite coal in Pennsylvania began, William J. Young, who 
had served his apprenticeship with one Thomas Whitney, 

* Secbetaey’s Note. — ^This Discussion is printed here, instead of being re- 
served for the end of this volume, in order to maintain the order of the pamphlet 
publications (including the consecutive numbering of the illustrationsj, and to 
make the order of contributions on this subject correspond with that in which 
they will stand in the special volume, comprising the whole series, to be i^ued 
later (see Secretary’s Note, Trans., xxix., 1015 j. 

t Conducting the establishment of Young & Sons, Philadelphia, Pa. 
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started in business on Dock Street, in Philadelphia. Recogniz- 
ing the fact that compasses, or “ circumferentors/’ as they were 
commonly called, were not equal to the demands made upon 
them, and that the English theodolites had too many parts 
liable to injury, were cumbersome and ill-adapted to trans- 
portation, Mr. Young commenced to plan an instrument that 
would permit horizontal angles to he taken independently of 
the needle, and allow “ back-sights ” to be obtained without 
reversing the telescope in its bearings. 

In 1831 he introduced the first “American engineer’s transit” 
(Eig. 60* of Mr. Scott’s article). Prom that time to the 
present all improvements have been merely in the perfecting 
of details and the addition of attachments to meet special re- 
quirements — so well were the fundamental principles thought 
out by the inventor, even to such minor features as the placing 
of the verniers at one side of the standards, so as not to risk 
disturbance of the instrument while readings were taken. 

In July, 1858, he patented the “ shifting-tripod-head.” By 
simply loosening the leveling-screws, the transit can be shifted 
a short distance in any direction after the instrument has been 
approximately set up. Ho improvement has been made in 
this invention since its introduction. 

The first compound “ long-center ” transit was made for J. 
Simpson Africa, Esq., President of the Union Trust Company 
of this city, who, in a letter dated February 1st, 1899, says : 

“lam reminded that the first long-center transit-instrument mentioned in your 
books was purchased by me November II, 1853. 

“ My engineering records and papers being at my old home (Huntingdon, 
Pa. ), the only information I can give now is from recollection. Through my 
instructor in practical engineering, Mr. Samuel W. Miffiin, I made the acquaint- 
ance of Mr. 'William J. Young, the founder of your house. One of my duties 
was to test, in actual surveys, transits that he had made for a railroad then in 
progress of construction. All these had short reversible telescopes, and verniers 
for the plates were within the compass-bor. 

“Needing in my own business an instrument with which I could measure angles 
with greater precision than could be attained by those mentioned above, I sug- 
gested to Mr. Young to construct for me a theodolite somewhat after the English 
model. He convinced me that a transit with a long center, wider plates than were 
commonly used, verniers outside the needle-box, and a long telescope, would meet 
my requirements, and be more satisfactory than a theodolite. This conference 
resulted in my giving him an order for the instrument you mentioned. 

“ I used it with great pleasure and satisfaction for many years in general engi- 
neering work, and especially in the laying-out of towns, and in defining disputed 


* Trans. J xxviiL, 744. 
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boundaries, where the greatest attainable accuracy was desired, llany years later 
I had another transit made at your establishment, built on the same general plan 
with the then modern improvements added. This instrument took the place of 
the one made in 1853, and is now in use by one of my sons.” 

As to the dates of the introduetion of the various forms ot 
mining attachments to engineers’ transits, and the names of 
those who suggested these improvements, our early records 
supply hut meager information. Fortunately, however, some 
of the instruments are still in existence, from which plioto- 


Fig. 92.* 



graphs have been obtained, leaving in doubt only to whom the 
honors may belong. The following list comprises mining in- 
struments made by this house at various times, and not hitherto 
mentioned in this discussion. 

Fig. 92 (our shop Ho. 8366) represents an instrument made 
in April, 1865, for a Dr. Bartelot, who seems to have lived in 
the anthracite coal regions of Pennsylvania. The instrument 
was intended only for magnetic surveys, so that the eompass- 


* The illustrations are numbered consecutively throughout all the contributions 
on this subject. Fig. 91 will be found in Trans., xxis., 1014. 
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box was placed conspicuously above, where observations of the 
needle would be least obstructed. The compass was provided 
with what was then known as a “ IRonius-plate ” — a simple 
marginal indicator that marked off the degrees, and the larger 
subdivisions thereof, to be used in allowing for variation. I 
suppose Pedro Kunez, the Portuguese mathematician, who 
lived in the first half of the sixteenth century, was the first to 
use this device, but Rittenhouse is said to have been the first to 
use the vernier for this purpose. The complete revolution of 
a telescope in a design of this peculiar kind was impossible ; 
and the method resorted to, of using duplex telescopes for 
forward- and back-sighting, makes this 
model, so far as we know, unique among 
mine-surveying instruments. The only 
other type at all similar is Mr. Hoskold’s 
(Fig. 39*), which he was perfecting some 
two years later ; but the methods employed 
in each case will scarcely permit a com- 
parison. The duplex telescopes revolved 
about 20° from the horizon each way, 
upon a common axis, that could be ad- 
justed for horizontality by means of the 
capstan-head screws shown in the figure 
just below the base of the standards ; but 
their adjustment for parallelism could 
only be secured by the maker. The in- 
strument was leveled by the ball-and- 
socket base, the four leveling-screws and 
the box-bubble at the side of the compass- 
box. 

Fig. 98 (our shop No. 3448) represents 
a mining instrument made in October, 1855, for J. F. Mulloney. 
It is decidedly of English parentage, possessing the same rack- 
movement shown in Fig. 16, t and an arch much as it appears 
in Fig. 15. 1 The horizontal plates were maneuvered by the 
same kind of rack-work. But the most remarkable feature is 
the substitution of “ Locke’s sights ” for the telescope. These 
sights are practically what are known to-day as Locke’s hand- 
level, invented by Prof. John Locke, M.I)., of Cincinnati, in 



Mulloney’s Mining Dial. 


* Trans., xxTiii., 722. 


t Trails., xxriii., 696 % Tram., sxviii., 695. 
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1850. I suppose Mr. Mulloney wislied to use tlie sights for 
leveling purposes, and, as they did not permit accurate cen- 
tering, he very wisely demanded that the arch be graduated 
and read by a simple index to only The base of this in- 
strument is very tall, slender, and really an ill-proportioned 
type, though it was very common in those days. From the 
ball there extended down through the barrel a square shank, 


Fig. 94. 



upon the faces of which worked the opposing jscrews shown 
just above the tripod head. After clamping the ball and 
socket tightly, the instrument could be brought to a more 
perfect level by use of these screws. Two extra tripods with 
sockets for holding candles, as is common in Cornwall to-day, 
were furnished with this instrument. 

Fig. 94 (our shop No. 3545) represents a modification of the 
Hedley dial, made in October, 1855, for Thomas Smith, of 




788 THE EVOLUTION OF MINE-SURVEYINH INSTRUMENTS. 


Luzerne county. Pa., and bears the distinction, we believe, of 
being the first Hedley dial ever provided with a telescope, Mr. 
Stanley’s instrument (Pig- 40*) not being made until 1874. 
The Smith-Hedley dial had within the compass-box a horizontal 
plate, graduated to read minutes, that was governed in its 
movements also by rack-work. The rocking limb was 10 in. 
long and provided with a side arc upon wkich grades as great 
as 70° could be observed before the limb came in contact with 
the base. In this particular, this style of base or support is 
superior to the Hoffinan-Harden tripod-head used by Mr. Stan- 
ley, until he remodeled the rocking limb (Fig. 63t), so as to 
permit vertical sights. How- 
ever, these instruments are 
Q— L - . n I ID ID out of date now in this coun- 

I try, though there was a time 

I when they were widely used 

Jl in railroad construction. It 

ipl ^ is from this instrument that 

1 compasses designed to give 

horizontal angles indepeiid- 
/ \\\ ently of the magnetic needle 

If received, and still bear, the 

' ^ name “ railroad compasses.” 

Petherick's Mine Transit with the First -r, t , , • , i t 

of Top-Auriliary Telescopes. ^ 

of progress to monnt the tele- 
scope in Y’s, as shown in Fig. 95, and attach it to the instru- 
ment shown by Mr. Scott in Fig. 34. | We believe that this 
was the first American top-auxiliary telescope, and that the 
opinion ascribed to Mr. Knight (Trans., xxviii., 717) is not well 
founded. We are not positive as to the exact date of intro- 
duction, but we present in Fig. 95 what was doubtless the 
pioneer instrument of the top-auxiliary type, and as far as we 
have been able to determine, it was made for Mr. Wm. Petherick, 
Superintendent of the Copper Falls Mines, Mich., 1855-60, 
apparently from drawings furnished by him. 

As first made, the auxiliary telescope was clamped on the 
main telescope about the same as compass-sights, but would 
never clamp in line with the main telescope. Then the uprights 


* Ikam., xxviii., 723. 


t Tkans., xxix., 939. 


X Trans., xxviii., 717. 
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were attached permanently to the transit-telescope, and the 
auxiliary only was made detachable, as well as rerersible, “ end 
for end ” (somewhat as shown in Fig. 94) ; but in this form the 
uprights would get bent in the mines, and render the attach- 
ment useless. A hinged upright was then tried, similar to the 
folding compass-sight (Fig. 34, above cited), but the hinge-pin 
would wear, and the uprights rattle. 

The writer's plan, introduced in 1891, is to mount the 


Fig. 96. 



uprights upon a base-plate, and attach it to the main telescope 
by “ T ” bearings. 

When Mr. Scott assumes* that the inclined-standard mining- 
transit came down through Seibert’s solar, he is not entirely 
correct. As a matter of fact, the first inclined standards made 
by this house were made in July, 1854, for Alexander Roberts, 
of Hamburg, Pa. In the next year we made one of the same 
kind with long center, double verniers and telescope-level, but 


* Trans., xxviii., 725, 726. 
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no vertical arc, for tbe Philadelphia, Wilmington and Balti- 
more R.R., but we have no photograph or further description 
of these instruments. Prom this time on, no others of this 
pattern seem to have been made by ns until that made in 1875 
for Thomas S. McRair, then mining engineer for the Lehigh 
Valley Coal Company at Hazleton, Pa. It was at this time 
that our Mr. Thomas K Watson, in the course of the argu- 
ment, suggested the principle of the “ hinged standards by 
revolving a draughtsman’s triangle on one of its corners. The 
idea was rejected : hut it seems 
Fi©. 97. to us now that if unusually 

A large journals had been used 
and the adjustment had been 
secured as in the horizontal 
axis of the telescope, it could 
have been made to project cor- 

Mr, McHair’s instrument is 
still in use, and is reproduced 
here (Fig. 96) from a photo- 
graph kindly prepared by that 
gentleman especially for this 
^scussion. The credit for first 
having used this type in min- 
ing work is possibly due to 
Mr. McFTair; but he modestly 
refuses to accept it without re- 
serve, observing, “ The an- 
cients, you know, are said -to 
Young's Gradienter. liave infringed on our inven- 

tions.” Attached to this in- 
strument will be noticed the style of gradienter introduced by 
this house in 1872, the first, we believe, to appear in America. 
It is shown more in detail in Fig. 97. We use it still, for the 
reason that it is not so exposed as the other style, and is 
equally easy to read and manipulate. 

Of distinctively mining transits, there are probably more of 
the inclined standard type in use than any other, all objections 
to its eccentricity and “ overhang ” melting away wherever it 
has once been used. It has achieved this recognition without 
any special recommendation on the part of the makers. 
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From this time on, the desirahilitr of combining the advan- 
tages of Mels' air’s model with those of the concentric tvpe began 
to ocenpy the minds of engineers. In 1882, Mr. Peter Brady, 
then connected with the Glendoii Iron Co., Easton, Pa., sug- 
gested to the writer the advisability of designing a mining in- 
strument (Fig. 98), substantially what is known to-day as the 
duplex-bearing mine-transit. It was pointed out to him that 
the structure, with all the necessary appliances, would be so 
cumbersome as to merit the present well-deserved name of 
“steam-engine;” that there 
would be great difficulty in 
keeping the bearings free 
from grit and in proper ad- 
justment, and great liability 
of the changeable parts to in- 
jury ; so, upon due considera- 
tion, the idea was abandoned. 

In 1854, Edwin J. Hulbert 
ordered of us, as he has ex- 
plained, an instrument (Fig. 

99*)known then as the “Lake 

Fig. 98, 


Brady's Proposition. Halbert’s First Instrument. 

Superior pattern.” Figs. 99 and 100 show some features not 
clearly seen in the illustrations given by Mr. Hulbert. In Fig. 
99 the upper plate was semicircular, 8 inches in diameter, read- 
ing by a single vernier to minutes. The vernier was in the 
clamping-arm or alidade of the upper limb, and was also provided 
with a small tangenhserew. The telescope was provided with a 
vertical arc, clamp and tangent-screw and loose vernier-arm, as 



Fig. 99. 



* Compare Fig. 90, Trans. ^ xxix., 1012. 
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introduced by Alfred Youug in 1860. The side-telescope, having 
a level attached, was mounted on a free vertical circle, inches 
in diameter, reading by two verniers to minutes ; a clamp and 
tangent were also provided ; all mounted on a compound ball- 
and-socket with leveling screws. ISTot many of these instru- 
ments were made. "Wliile seeming to fulfill particular re- 
quirements in the copper regions of Michigan, they were not 
favorites with the instrument-maker, on account of the peculiar 
shape of the plates, the con- 
traction and expansion of 
which were apt to destroy 
the adjustments ; and the 
absence of the needle was 
at that time a popular objec- 
tion on the part of the engi- 
neer. 

Fig. 100 shows what was 
probably the first side-aux- 
iliary telescope attached to 
a mine- trail sit in America 
or elsewhere. It was made 
for Mr. Hulbert, from de- 
signs furnished by him, as 
he explains, in 1856. A full 
vertical circle was connected 
permanently with the axle of 
Hulbert’ s Original Side-Telescope Transit."* transit- telescope. The 

auxiliary telescope, which 
alone was detachable, was attached to the vertical circle by 
means of two milled-head clamp-screws. 

Fig. 101 illustrates an improvement in Mr. Hulhert’s pat- 
tern. The telescope is much shorter and larger in diameter, 
and is permanently connected with the full vertical circle, 
which is also made detachable. 

Later, several methods were adopted to simplify the attach- 
ment of a side-auxiliary, one of which was a perforation of the 
horizontal axis large enough to permit the insertion of a spindle 
attached to the telescope (as shown in Fig. 28t). The ohjec- 

* The same instrument as the one of Pig. 91, IVans., xxix., 1014. 
t Tram., xxTiii., 712. 


Fig. 100. 
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tion to this was that, unless the horizontal axis was rtiatle verv 
heavy, it was weakened at a vital point. 

Another method was to terminate the horizontal axis in an 
enlarged threaded hub beyond the outside of the standard and 
to screw the telescope on with a clamping-nut, as in Fig. 88,* 
hut as the threads wore, the alignment of the telescope was de- 
stroyed; and w’hile the parallelism of the two telescopes was 
not disturbed to any marked degree, the zero (level) points 
were, and it was necessary for the engineer to allow for this 
index-error, or insert a piece of tin foil between the hub at- 


Fia 101. 



Improvement on Halbert’s iline-Transit. 


tached to the telescope and the side of the standards. Of late 
years it has been customary to add a tangent-screw or two op- 
posing screws to remedy this objection. 

Fig. 102, illustrating the style in use at present (1899), is 
taken Aom a transit made for use in the Kimberley mines, South 
Africa. The auxiliary telescope is attached permanently to 
the vertical circle (5 in. in diameter, and reading by a single 
vernier to one minute), and is provided with a clamp and a 
tangent-screw. The graduations are on the inside of the 
circle, to protect them from injury, and to facilitate the reading 
of the vernier. The telescope (non-extension, dust- and water- 


* Trans. ^ xsvUi., 720. 
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proof), 7 in. long, is furnished with a diagonal (prism) eye- 
piece and a reflector for cross-hairs (the latter not shown in the 

Fig. 102. 



Young & Sons’ Modern Mine-Transit. 

figure). All the attachments, with the counterpoise, are de- 
tachable, and when they are not in use the engineer has still a 
complete transit, with all modern improvements, having a gradu- 
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ated plate 6| in. in diameter, level to telescope, clamp and 
opposing screws (not shown in the figure) and vertical arc. 

Frank Owen, London, Eng. (communication to the Secre- 
tary) : The following detailed description of the “ Henderson 
Rapid Traverser,” alluded to by Mr. Scott'’*' and by Mr. Brough, f 
may be of interest. I am indebted for it to the courtesy ot 
the inventor, my former teacher, Mr. James Henderson, M. 
Inst. C. E., of Truro, Cornwall, England. He previously in- 

Fig. 103. 



Henderson’s Kapid Traverser. 


vented the Henderson dial,| a circumferentor with four sights, 
described by Brough in his Mine Surveying, and by Stanley in 
his Surveying Instruments. The present account is based on a 
paper read by Mr. Henderson before the Mining Association 
and Institute of Cornwall in December, 1893. The illustra- 
tions, Figs. 103 and 104, are taken from the catalogue of 
Messrs. E. T. Hewton & Son, Camborne, Cornwall, the makers 
of the Traverser. 


The Rapid Traverser is a circular brass table of about 10 in. in diameter, 
mounted on a tripod-stand -with the usual levelling-screws, and having a brass 
alidade or ruler that revolves around a fixed centre-pin, and that has at each end 
a vertical sight, capable of being replaced by an arc or quadrant when angles of 
considerable elevation or depression are to be measured. On the top of the 
table, a disk of enamelled zinc is securely fixed by small screws and nuts and by 
a central holding-down brass plate, over which the alidade freely passes. 
Eain or dropping water, or even washing with soap and water, will not obliterate 
the pencil-marks ; yet hard scrubbing will remove them, and the disk can be 
used repeatedly. 


* Ti'ans., xxviii., 691. 


t Trans., xxix,, 933. 


Trans., xxviii., 695. 
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The surface of the disk has five concentric rings scratched or marked upon it 
by means of a pencil inseited m five small notches in the thick edge of the 
alidade, and held fast ivhile the disk is revolved The fiducial or feather edge of 
the abdade has corresponding marks, numbered and with a rectangular notch 
opposite each division, to allow the letter or number of each course oi station to 
be marked on the disk. The concentric rings are to prevent the overcrowding of 
traverse lines in any one direction, and enable separate surveys to be made with 
the same disk without interference The table carrying the disk can be firmly 
clamped to the tripod head, and the alidade to the table when required The 
clamping screws for each are distinguished by a difference in form 


Fig 104 



In use, the fiducial edge should always be on the observer’s right hand After 
clamping the table and sightmg the alidade, the direction is marked with a fine 
pencil-line drawn across the space between any two adjacent concentric rings 
The leading direction is indicated by a single barb, or half arrow, at one end of 
the line , and the number or letter of the course is written within the notch cut 
in the edge of the alidade For hilly ground, the sight at each end of the 
abdade is marked in degrees up to 25, and has a sbding-bar so fitted that by 
looking through the eyehole at the top of one sight and setting the sliding-bar 
on the forward object, the angle of inclination can be read and noted Or, for 
greater accuracy, the quadrant can be substituted for the sights, and the angles 
read to minutes The telescope attached to the quadrant revolves on a vertical 
axis, so that by revolving 180° to a mark made for the purpose, back sights can 
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be observed without shifting the alidade. In going from one station to the next, 
the Traversei is removed from its stand, and fixed, with the alidade still clamped, 
on the forward stand, and sighted back to the former tripod and clamped Then 
the alidade is undamped and a sight taken to the next station, or to any sub- 
sidiary station It IS recommended that three tripods be used m a traverse either 
underground oi on the surface The magnetic meridian can be taken at any 
convenient station by means of a trough-compass placed temporarilv against the 
back of the alidade The distances from station to station are measured sepa- 
rately, and are entered, as usual, in a note-book 
For plotting, the disk is removed from the brass table, and placed in proper 
position upon the intended map, with one or more meridian lines upon it, 
and IS held firm by a weight oi two Then, with a parallel rulei, best a rolling 
one, the successive couises of the suivey are transferred to the map The disk 
becomes a protractor of great accuracy, and the plotting is more rapid than 
usual The disk may he kept for future reference, or can be cleaned oS bv scrub- 
bing w’lth soap and water, or with india-rubber If desired, the bearings can be 
read off rapidly, by means of an alidade moving about a pin in the centre of a 
protractor over which the disk has been placed 
The Traverser can be used either in mines or on the surface and for setting 
out railway or other load lines by chords of any length previously drawn on the 
disk, with the lengths thereof noted in the field-book 
Clearly, the Traverser is based on the plane-table method, and is really a 
goniograph or angle-drawer without any reading or booking of angles , but, 
unlike the plane-table, it is not used for plotting the survey in the field The 
advantages claimed over other surveying instruments are 1 A great saving of 
time 2 Simphcity of construction, and consequently comparative cheapness. 
3 Portability, and without liability to damage 4 Great simplicity in the sub- 
sequent plottings 

R. W. Raymond, Rew York City* A few additional notes 
may kelp towards the more complete elucidation of Mr. Scott’s 
main subject 

Astrolabe — ^Reinliold* explains that the surveyor’s astrolabe 
(in German and late Latin, astrolabium), the lower part of Fig- 
105 (see also Fig. SSf), is properly a whole or a half-circle of 
brass, graduated, the whole circle to 860°, the half one to 
180°, with a pair of fixed sights at the ends of the diameter, 
and with an alidade revolving about the center and bearing at 
the ends another pair of sights. The JEkcydojomdia Bntanniea 
(under Naiigation) gives the simpler, older form of the astro- 
nomical astrolabe, as descnhed by Martin Cortes in his book, 
The Art of Navigation, Seville, 1566, and copied in the upper 
part of Fig. 105. It is a polished circular plate of copper or 
tin, 6 or 7 inches in diameter, purposely weighty, so as to hang 

~ Geometna Forenm oder die aufs BecM angewavdte Ilmhinst, 0 L Eeinhold, 
Muenster, 1781, 1st pt , p 106 f Trans , xxix , 986 

voii XXX — 49 
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steady and plumb by a bole at the top ; and graduated to de- 
grees in the upper left-hand quadrant, and some years later in 
both upper quadrants; and there is a pointer of the same 
metal, with two sights upon the “ line of confidence,” that 
passes through the center. 

Eeinhold further says that the astrolabe has later been en- 
riched and improved with accessory appliances, as he illustrates 
by Fig. 106, showing -one that he has found the most perfect 
AB is the whole circle divided into 360°, CD, the alidade, 
with a vernier at each end indicating 6, 20, 30 or 60 minutes, 
EF, sights high enough to see over the 
fixed sights GH. The telescope, JE, re- 
volves about 0 vertically, with a spirit- 
level on top, and with the half-circle, 
MLK, joined below and read with the 
index L. The compass P rests on the 
alidade. The telescope QR, as well as 
JR, takes the place of the sights m the 
case of distant objects. It is plain that 
the instrument is essentially a theodolite, 
much resembling the instruments of 
Figs. 16 and 17,* except that the tele- 
scope is supported hy a single central 
standard instead of two side ones, and 
the verniers are upon arms, or an alidade, 
instead of a plate. 

Evidently, then, the word astrolabe 
had, m surveying, a very wide range of 
application, ftom the simplest semicircle with an alidade and 
two pairs of sights up to a theodolite with two telescopes, with 
verniers, or even with a compass 

ZollmanrCs Dish . — ^Reinhold saysf that Zollmann’s disk. Fig. 
107, is a round wooden hoard vnth a frame to enable paper to 
be stretched. There is an ahdade, movable horizontally about 
a pin in the middle of the disk. The instrument is nearly 
allied to the plane-table, but resembles yet more closely Doug- 
las’s Infallible, of 1727, | and, like that, might be called in some 
sort a progenitor of Henderson’s Rapid Traverser. 



The Astrolabe, Simplest 
Forms the tlppei, As- 
tronomical , the Lower, 
fox Surveying 


* Trans., xxviu , 696, 698 


f Op cit , p 137. t Trans , xxix , 933 
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Fig. 106. 



Eeinliold’s Best Astrolabe. 
Fig. 107. 



ZoUmann’s Disk. 


Iron-Bish {JEismseheihe ). — ^Yon Hanstadt* explains that the 
iron-disk {JEisenschdhe)'\ is so called, not on account of its m.a- 

* Avldkmg zur MarJcscheidehmst, J. IT. L. von Hanstadt, Pesth, 18S5, p. 201. 
t Mentioned, and illustrated in one form, by Scott, Tram., xxviiL, 689. 
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terial, but because of its use in iron-mines. He sajs it con- 
sists of a rather large brass disk, graduated to degrees merely, 
and from left to right, like a plane-table compass. It turns at 
the middle about a ball-and-socket joint, both horizontally and 
in any vertical plane. There are two revolving arms, each with 
a hook at the end, to which are attached the measuring cords 
stretched to the fore and back stations. There are three hol- 
low brass cylinders, one for each of these stations and one for 
the instrument-station, with iron screw-points below, to screw 
upon a plank or timber set across a mine-gangway* or upon a 
wooden plug. The three cylinders are of exactly equal height 
and large enough inside to receive the ball-and-socket joint 
under the disk But when the instrument with this joint is set 
in the middle cylinder, the fore and back cylinders are filled 
each with a wooden plug having a projecting hook, to which 
the measuring cords are attached. Yon Eanstadt says the ap- 
paratus IS pretty clearly illustrated and described in Moehlmg’s 
Markscheidebuch of 1793 ; but is not to be recommended for 
accurate surveys 1 Because you do not dare to stretch the 
cord tight enough, since the screw-points of the cylinders easily 
break or bend. 2 At stations where the courses make a sharp 
angle, the ball-and-socket joint is under a strong pressure, that 
makes the turning of the disk difficult, and causes pretty 
strong friction upon the two brass arms, so that you cannot be 
sure the correct angle is indicated. 3. It is often difficult to 
set the instrument again precisely over a station for subsequent 
work, since the cross-plank cannot always be left in place. 4. 
The reckoning up of the courses of an extensive survey takes 
too much time and patience. 

Yon JECanstadfs Mme-Theodolite . — Yon Hanstadt says he con- 
sequently devised another instrument that may fitly be called a 
mining-theodolite This is, perhaps, sufficiently illustrated in 
'Fig 108, compiled from his fragmentary drawings. The ali- 
dade with the sights is about 2 feet long. The brass plate q, 
before the instrument proper is set upon it, is first leveled with 
a movable spirit-level, ll, and bears the fixed spindle v, about 
which the upper part of the instrument revolves. This the- 
odolite, rightly so called, has the telescope replaced by sights. 


* See TVons , xxviii , 716, Fig 33 




Von Hanstadt’s Mine-Theodolite, Nearly ^ Full Size. 


witli virtually a single central support for them ; hut has the 
semicircle attached below them, in the way peculiar to theodo- 
lites. 

Combes’ s Mine-2 heodoliie . — The mine-theodolite of Prof 
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Fig 109 



Fig 110 



Combes, of the Paris Ecole des Mines, was described by bim in 
1836,* in an article giving full details of its construction and 


* Memoire mr les lev'es de plans souterrams ei description d^un nouvel instrument, 
propre d, remplacerla boussole et le demi-cerde suspmdm , par M Combes, professeur 
d?ccploitaUon d V Ecole royale des mines {Annaks des Mines, 3d senes, vol ix , 1836, 
pp. 81 and 217 } 




HISTORY OF SOLAR SURVEYING IXSTEHHENTS, SOS 

examples of its use Figs. 109 and 110 will siilficiently explain 
it for the purpose of this notice. Fig. 109 is a plan of the in- 
strument, as seen from aboYe, and Fig. 110 a lateral vieY’' of 
the telescope and vertical circle. 

Combes calls the instrument a mme-theodolite , and it is a 
theodolite in a common, wide sense of the word. But the tel- 
escope has the characteristic that distinguishes the transit from 
the theodolite ; namely, the capacity of completely revolving in 
a vertical plane. The telescope, however, is supported on only 
one side, just as it is in the astronomical mural circle, first de- 
vised by Maskelyue and used at the G-reemwch Observatory in 
1811 ; and just as it had been m the lunette, miirale^ and again in 
the yet older mural quadrant, first described (^of course, with 
sights instead of the telescope) by Ptolemy " about a d. 160, and 
constructed, avowedly on his model, by Nasir-eddin in Persia 
in 1260, but formerly supposed to have been invented by Tycho 
Brahe about 1581. Since the telescope supported on only one 
side tends by its weight and wear to sag downward, so as not 
to revolve in a truly vertical plane, it is now discountenanced, 
especially for observing, not a vertical angle, but the transit of 
a star across the meridian , and preference is given to the astro- 
nomical transit-telescope, which is supported on both sides, and 
has, moreover, an axle capable of reversion, end for end, — ^the 
invention of Eoemer in 1700. 


History of Solar Surveying Instruments. 

BT J B DAVIS, CLEVELAND, OmO 
(Canadian Ifeeting, August, 1900 ) 

This paper has been prepared at the suggestion of Mr. Dun- 
bar D. Scott, to supplement his “ Evolution of Mine-Surveying 

Instrnments.”t 

Before entering into a detailed history of solar instruments, 
a few remarks will he made touching upon land-surveys in 
general, and on what has led to the development of these in- 
struments. 


TJyeho Brahe, by J L E Dreyer, PiuD , Director of tlie Armagl. Observa- 
tory; Edinburgb., 1890 ; p. 320 f Trans , xxviii , 679 
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Importance op Solar Surveying. 

The True Meridian Needful — ^First of all, there is strong rea- 
son for the opinion that all land-surveys should be referred to 
the true meridian 

Description by courses and distances is found in most deeds 
conveying real estate, and in records perpetuating the results 
of surveys. There ai'e two noteworthy exceptions namely, in 
cities and villages, conveyances of land are often made by lot- 
numbers ; and the United States government describes the land 
granted by its patents by reference to its general rectangular 
system of public land-surveys, without special rehearsal of the 
courses and distances bounding each grant. Outside of these 
exceptions, the description by courses and distances is perhaps 
the most simple and comprehensive available method; at all 
events, long custom has decreed its employment 

Survey-lines are usually marked or monumented, but the 
marks are not always suitably clear and prominent, and duly 
recorded in the conveyance. Moreover, they may be lost or 
destroyed through carelessness and ignorance of their value; 
and, sooner or later, the lines must be retraced by a new sur- 
vey — ^with wbat difficulty, when the original courses were taken 
by needle, only the surveyor knows All that he can do is to 
turn for help to the facts of possession, or to adjacent surveys; 
or, if an original corner can be found as a starting-point, to 
satisfy himself, as to courses, with the limit of error in a needle- 
instrument, while, as to distances, he must determine, as nearly 
as may be, the difference in length between his steel tape and 
the worn and kinky Grunter’s chain of the former survey. 
These perplexing problems we must continue to encounter 
until more accurate modern surveys shall have replaced the 
original ones. 

The remarks apply also to the rectangular system of survey- 
ing United States lands, so far as the relocation of sub-divi- 
sional lines may be affected by the uncertainty of the indica- 
tions of the magnetic needle. 

But I wdsh to call particular attention to what may be termed 
an inconsistency in our modern land-surveys. Increased ac- 
curacy in them is demanded by the increase of land-values. 
Hence, measurements are more accurately made ; a transit is 
used; and more care is taken in monumentmg ; so that the sur- 
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veys may be retiaeed with little difficulty, pro 'tided moimmeiits 
enough are left for starting-points. At the same time, custom 
having prescribed the method of description, we still use courses, 
determined not by the needle, as originally, but by deducing the 
bearings from the transit-angles taken , and we use as a base the 
bearing of some one line, either measured in the held or copied 
from a deed Right here comes m the inconsistency . we care 
nothing whether the bearing of the line we start from be a true 
one or not. We are well satisfied if it be only approximately 
true , we rely on the harmony of our survey , the fact that we 
have set monuments, have taken the angles vnth a transit, and 
have made our measurements carefully, and we assume that 
there can be no future difficulty in retracing the survey we have 
made. But the bearings of the hues in this modern and ac- 
curate survey, taken individually, mean absolutely nothing so 
far as the retracing of an accurate survey is concerned : only 
collectively are they of any value 

If we are to make an accurate survey, and are by custom 
forced to the use of bearings in our descriptions, why not have 
the bearings mean something, and be consistent with the rest of 
the survey ^ But that is not all • monuments are lost, and the 
cases are not infrequent when only one can be found , and then 
trouble begins, and care and good judgment are required m 
the solution of the problem Evidently, the remedy is to refer 
the survey to the true meridian. This can be done by observ- 
ing the north star, or an altitude of the sun, or by a solar in- 
strument. Only by a reference to the true meridian can the 
“ one stone problem ” be at all times satisfactorily solved. 

Old Methods of Meridian Determination , — The earliest instru- 
mental methods of deteimimng the true meridian in this coun- 
try, as well as in Europe, were, first, by observing the polar 
star, taking into account its travel in an orbit the distance of 
which from the projected axis of the earth is known; secondly, 
by an altitude-observation of the sun and the subsequent cal- 
culation of the spherical triangle of which the sun, the zenith 
and the pole are at the vertices 

Surveyors do not take very kindly to observing the north star, 
and will resort to it only when absolutely necessary, because 
they object to the requisite night-work. The method of deter- 
mining the azimuth by an altitude of the sun does not seem to 
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be popular, since it requires too much time for the calculation 
of the spherical triangle. 

Davis’s Solar Screen — It is a23propriate here to mention the 
solar screen invented hy Prof J B. Davis, of the TJniversity of 
Michigan, Ann Arbor, Mich , and perfected by the firm of Biifi 
& Berger, Boston, Mass. It has been illustrated and described 
by Mr Scott,* Pig. 59. The invention does not belong in the 
same class as the mechanical solars to be described below ; for 
it is not, strictly speaking, a solar attachment, but rather an ap- 
pliance for more conveniently sighting the sun centrally in a 
direct solar observation. The nse of the solar screen does not 
reduce the necessary computation, so far as the solving of the 
spherical triangle is concerned , for this work must still be done 
after the altitude of the sun is observed. 

Historical Sketch of Solar Surveyiko-Ikstruments. 

As the theory and practice of solar work are now fully 
treated in all standard text-books on surveying, their full dis- 
cussion is not deemed desirable here, and in what follows, a 
sufficient knowledge of astronomy in its application to solar 
work is presu^iposed. 

Government Land-Surveys. — On May 7, 1784, the committee 
appointed by the Continental Congress, of which Thomas Jef- 
ferson was chairman, recommended that all public lands be 
divided into squares ten geographical miles on a side, and these 
sub-divided into lots of one square mile; hut a subsequent 
amendment, made April 26, 1786, in which is recorded the 
first mention of “townships” and “sections,” required that 
the main divisions should he only seven miles square, marked 
by lines running due north and south., and others crossing at 
right-angles This ordinance, as still further amended, May 
20, 1785, with a provision for townships containing thirty-six 
sections each, must he regarded as the actual beginning of our 
present government system of land-surveys; and G-eneral Rufus 
Putnam must he looked upon as its fonnder.f 

Burfs Solar Compass. — ^In 1883 Wm A. Burt, of Mt. Yernon, 
Mich., received an appointment as IJ. S. Deputy Surveyor, and 

^ Trans , ixriii , 743 

t See the article by Col H C Moore in the Joxir Ass’n Engineering Somhes, 
Tol 11 , p 282 
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began vrork -witli an ordinary eompass-in&trument, a*- prescribed 
by the government He found frequent occasion to reprove Ms 
cbainmen, believing them to be guilty of gross iiiaeciiraeies. It 
turned out that tbe cliainmeii were correct eiiougli in their work, 
and that the trouble was due to the treacheries of the magnetic 
needle Mr. Burt satisfied himself that he could not sufficiently 
rely upon the accuracy of the indications of the needle ; and 
he must also have concluded that the methods of determin- 
ing the meridian by sighting Polaris or observing the binds 
altitude were not practicable in the class of surveys upon which 


Fig 111 



he was engaged. At all events, he began systematical work in 
developing a mechanical solar By 1835 he was in Philadel- 
phia, placing the model of his device in the hands of instru- 
ment-maker Wm J. Young; and in the same year his com- 
pleted instrument received the Scott medal from the Franklin 
Institute That instrument, shown in Fig. Ill,* was designed 
to solve mechanically the celestial triangle, and consisted mainly 
of three arcs — ^the latitude-arc, the declination-arc, and the hour- 
circle. 

Burt’s solar compass did not attain perfection until about 

* TRe figures of this paper are numbered consecutively 'with those of the Dis- 
cussion of Mr Scott’s paper, ante, p 783 
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1850. It then, came into general use, and was for many years 
the standard instrument used in surveys of the United States 
public lands. He exhibited the perfected instrument (Fig. 112) 
at the London Exhibition of 1851 ; and Sir John Herschel 
then said : “I have long understood the elements of your in- 
strument, but could not see how they would be carried out 
mechanically. It has fallen to your lot, Sir, not only to con- 
ceive the necessary astronomical elements, but also to carry 
them into practical effect mechanically,” The same instrument 
was a part of the government exhibit at the Columbian Exposi- 
tion in Chicago, and has now been added to the instrumental 


Fig. 112. 



Burt’s Improved Solar. 


collection prepared for Paris. It is probably not too much to 
say that with Burt’s solar, or some adaptation of it, fully 80 per 
cent, of the public lands of the United States have been laid 
out. The opinions of authorities on solar work in connection 
with government surveys would indicate that Prof. Baker’s 
broad statement, quoted by Mr. Scott,* is without warrant and 
misleading. 

Ydser’s Meridian Iiiistmmmt.--ln 1861 Frederic Teiser, of 
Danville, Ky., introduced a meridian-instrument, Fig. 113, the 
operation of which was founded on the ancient method of 


* Trans., xxviii, 721. 
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bisecting the arc found by the observation of equal altitudes of 
the sun. Two parallel disks were connected by a vertical pillar. 
On the face of the upper plate revolved a sort of alidade bev- 
eled along one edge at one end, and carrying at the other end 
the lens-bar of the Burt solar An observation was made at 
a certain hour in the morning, and the lens-bar was clamped to 
the vertical quadrant. In the afternoon, at a corresponding 
hour, the upper part of the instrument was moved about on the 


Fig 113 



central pivot until the sun’s image fell at the intersection of the 
‘‘ equatorial ” and “ hour ” lines. Having drawn a pencil-line 
along the beveled edge of the alidade at each observation, the 
line that bisected the intervening space or arc was accepted as 
the meridian 

Schmoltz’s Solar Transit — The next modification of the Burt 
solar has been referred to by Mr. Scott* as having been intro- 
duced in 1867, when the transit was coming into more general 


* Trms , xxvm , 721 
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use, by Wm. Scbmoltz, an instrument-maker of San Francisco. 
Since 1874 it bas been mounted by Gurley, as in Sclimoltz’s 
model, upon tbe transverse axis of the transit-telescope, but 
witli a means of adjusting the polar axis to movement in a 
truly vertical plane (see Fig. 38*). It is essentially tbe Burt 
declination-arc mounted upon its polar axis, wbicb is now re- 


Fig. 114. 



Sclimoltz-Gurlej Solar Transit, with. Jones’s Latitude-Arc. 

versed from its position in Burt’s compass, and may be secured 
to tbe telescope, or removed, by means of tbe tbumb-screw at 
tbe top of tbe polar axis. It was customary to lay off tbe 
latitude on tbe transit’s vertical circle or arc ; but in tbe 
Scbmoltz-Gurley model, reproduced in Fig. 114, tbe patent 
latitude-arc introduced by E. M. Jones in 1883 is used instead. 


* 2Vans., xxyiii., 720. 
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This arc consists of an inner quadrant reading to minutes, and 
an outer segment reading to ten seconds of arc. The inner 
quadrant carries a reversible bubble-tube, which is adjusted for 
exact horizontalitj when the sun is in the meridian : and in all 
subsequent settings of the latitude the bubble is simply brought 
back to the center of its scale. This design of Sehmoltz was 
one of the first, if not the very first, of the successful attempts 
to combine the solar attachment with the ordinary transit- 
instrument; though there had been a great deal of experiment- 


Fig. 115. 



Lyman’s Solar Transit. 


ing to improve on Burt’s last model, in which a small tele- 
scope was mounted upon one of the sights, or set in Y-bearings 
across the top of both sights. 

Lyman’s Solar Transit — ^In 1869 Benjamin S. Lyman, of 
Philadelphia, devised the solar apparatus shown in Pig. 115. 
Wm. J. Young & Oo. (that is, Mr. Young and his partner, 
Charles S. Heller) had strongly advised him against placing the 
solar apparatus on the top of the telescope, and against using 
inclined standards for the telescope. The apparatus was, there- 
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fore, placed beneath the plates, for steadiness and protection 
against exposure ; and was so designed that it could be used 
with a plane-table or other surveying instrument. The usual 
six-inch lens-bar was reduced in length to only two inches ; but 
the proper focus and size of the sun’s image was maintained 
by the total reflection of two rectangular prisms. Mr. Lyman 
filed a caveat of his invention in September, 1869, had the same 
description privately prmted as specifications in December, 
1870,* secured letters-patent in 1871, and the first instrument 
was made in 1872. 

“It is true,” says Mi. Lyman, “that, owing to the greater length of the lens- 
har in Burt’s compass, the latitude-arc has a decidedly longer radius and the 
declination-arc one slightly longer , but the radius of both arcs m the solar tran- 
sit IS two inches and a half, or the same as for the rertical and horizontal gradu- 
ations of the transit proper, the size that is usually found convenient for reading 
to a single minute -frith a vermer ” 

When the vernier of the latitude arc reads 90°, the polar 
axis is truly vertical. The entire attachment weighs about a 
pound. In 1877 Young & Sons so constructed it that it could 
be attached and detached at pleasure. 

Seiberfs Solar Transit . — ^About 1869 (but it is not now possi- 
ble to determine the exact year) F R. Seibert, then with the 
TJ. S. Coast Survey, had Wm. J. Young & Co. make for him 
a transit with inclined standards, and place the solar apparatus 
directly over the compass, very much as in the original Burt 
instrument The standards were inclined forward, so as not to 
cast a shadow, or otherwise interfere with the successful manip- 
ulation of the solar apparatus. It was to this instrument (Fig 
116) that Mr. Scott assignedf the probable origin of the in- 
clined-standard mine-transit; but from Mr. A. C Young’s con- 
tribution it appears that inclined standards were used as early 
as 1854 in Mr. Roberts’s instrument.1 Still, it is possible that 
the inclined standards made for him were inclined toward 
each other, forming a truss-support for the telescope. 


^ Specifications of Improvmenis %n Solar Cowpasses B S. Lyman Bengal Print- 
ing Co., Calcutta, 1870 The specifications and caveat mention tbe former use of 
inclined standards, undoubtedly Seibert’s plan, showing that it dates at least as 
far back as 1869 
t Trans,, xxviii , 725. 


t Ante, p. 789 
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I^earsoTis’s Solar jLitachnient , — On July 27, 1875, Harrison G. 
Pearsons, of Ferrysburg, Mieb., patented an attacbment (Pig. 
117), having the polar axis parallel to tbe optical axis of tbe 
telescope, and tbe bour-circle at right angles to it. As usual, 
the deelination-plate revolved upon the polar axis ; but the lens- 
bar was provided with a vernier as well as a lens and equatorial 


Fig. 116 . 



Seibert’s Solar Transit. 


lines at each end, and was mounted upon gimbals or a universal 
joint, whereby it could be brought at will to the surface of 
either broad face of the declination-plate. Also, the declina- 
tion-plate was graduated on both its broad faces, so that it was 
possible to reverse the apparatus, in order to correct errors aris- 
ing from unavoidable imperfection of construction and adjust- 
ment. It was the inventor’s idea, as expressed in his letters- 
voi-. xxx. — ^50 
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patentj to utilize the telescope itself as the axis of the hour-arc , 
and this, to the best of my knowledge, is the first suggestion 
of letting the telescope of the trausit-inatriiment become the 
polar axis. The manufacture of the attachment was first placed 
in the hands of the Grurleys, hut the alliance between the man- 
ufacturers and the inventor was not a successful one. 


Fig 117 



Pearsons’ B Original Attachment. 


Buff ^ Berger’s Pearsons Solar Attaclment . — ^As first made 
by Bufif & Berger, in 1878 (Fig. 118), the polar axis, while still 
parallel to the optical axis of the telescope, was placed over the 
bearings at one side, and was provided with a spirit-level on 
the “ clamping- arc,” to regulate it for true horizoiitality before 
elevation to the observer’s latitude. This was especially de- 
sirable, as it was a part of the improvement to make it possible 
to attach or detach the whole apparatus as desired. After the 
latitude was set ofiP, and the “ clamping-arc ” carrying the solar 
was clamped to the standard, the telescope was free to move in 
altitude without interfering with the position of the attach- 
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ment. The lens-bar was made single, instead of double, with 
a ground-glass focal plate, so that the sun’s image could be ob- 
served from the rear with the ordinary reading-glass. But in 
1879 Mr. Berger began substituting for it a small telescope of 
half-inch aperture and six-inch focus. 


Fig. 118. 



Buff & Berger’s Pearsons Solar. 


Buff ^ Berger’s Solar AUachmmt . — ^In 1882 the Pearsons pat- 
ents were assigned to Buff & Berger; and in 1885 the general 
design was changed so that the declination, as well as the lati- 
tude, could be laid off by the vertical circle. Pig. 119 shows this 
last-mentioned model. The attachment is fastened by a screw 
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to an extension of one end of the transverse axis of the tele- 
scope, and to the other end is clamped the latitude-level. 

Holmeses Solar Theodolite.— hx 1878 J. W. Holmes, instrument- 
maker in Batavia, hT. Y., placed the telescope of a theodolite so 
as to work upon the declination-arc, or circle, in a very remark- 
able manner (Fig. 120). Between the standards, in the usual 
position of a telescope in an ordinary transit, he placed, in a 
plane at right angles to the vertical, a second circle, called the 
dial-plate, graduated to read minutes. Within this ring re- 


Fig. 119 . 



Buff & Berger’s Solar Attaclmient. 


volved, upon what might be termed the polar axis, a disk that, 
together with the “ dial-plate,” was also journaled at right- 
angles in the axis of the vertical arc. The disk carried the tel- 
escope on Y-hearings centered over the plates below ; and upon 
the disk was fastened the declination-arc at one side of the tel- 
escope. The telescope was pivoted to the declination-arc by 
means of the Y-bearing nearest the ocular and could be moved 
in altitude at the objective end as required, and regulated to 
the nearest ten seconds of arc. Mr. Holmes’s instructions for 
the use of the instrument are ; 
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“Clamp tlie vertical arc to the latitude of the place, turning the dial-plate 
toward the north, if in north latitude. Move the telescope upon the declina- 
tion-arc to the angular value of the sun’s declination, corrected for time and 
refraction. But if the observation is made in south latitude, the telescope should 
be reversed in its Y’s so that the object-glass shall be at the pivot of the declina- 
tion-arc. Turn the upper part of the instrument upon the dial-plate, and the 
whole instrument upon its vertical axis, if need be, until the telescope can be 
centered upon the sun. Now the upper, or equatorial plates, are In a plane par- 
allel to that of the equator; and when [ever] the telescope is [aftervv'ards] 
brought back to the zero of the graduations, it is in the true meridian.” 


Fig. 120. 



Holmes’s Solar Theodolite. 


The theodolite-type of the instrument made it necessary to 
eoiinterhalanee the eccentricity of the telescope and the other 
superimposed parts, hy elongating the polar axis and consider- 
ably increasing its vsreight. 

SmiiKs Solar Transit— On September 14, 1880, Benjamin H. 
Smith, of Denver, Colo., made the telescopic polar axis a prac- 
tical invention. To do this, however, he employed an entirely 
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separate telescope, to wHcli are attaclied declination- and lati- 
tude-arcs, as shown in Fig. 121. To the side of a specially-de- 
signed standard is fixed a latitude-arc, in the form of a semi- 
circle, carrying two collars or hearings on its diameter, in which 
the solar telescope is free to rotate on its axis to any required 
position, as indicated by the hour-circle which circumscribes 
it. At the object-end of the telescope is a prism or reflector, 
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Y-bearings on the top of the main telescope, as shown in Mg. 
122 ; and so has dispensed with the original design of the lati- 
tude-arc, in favor of the vertical circle. 

Gardam’s Solar Transit — ^In the next year (1881), Joseph 
G-ardam, of Brooklyn, jST. Y., patented a device, in which the 
main telescope became the polar axis, upon principles very sim- 


Fig. 122. 



Smitli’s Improved Solar. 


ilar to those suggested by Pearsons. As shown in Pig. 123, a 
flanged collar about the telescope is fixed and adjusted to the 
hub of the telescope by means of angle-pieces and capstan-head 
screws. A semi-annular ring, with its attached hour-circle and 
declination-arc, is placed over this collar, and held in any posi- 
tion by a set-screw that travels in a groove provided specially 
for it. In revolving on this collar-bearing about the telescope, 
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the declination-arc took up so much room that the length of 
the teleseope-hubble was reduced to about half the ordinary 
length. 

Saegmidler's Solar Transit — 1881 Geo IST. Saegmuller, in- 
strument-in aker, in Washington, D. C , with the advice of cer- 
tain government officials on the Coast Survey (with which de- 
partment he was at one time connected), designed and patented 
a telescopic solar attachment, shown in Pig. 124, mounted upon 
an instrument of his own make Mr. Scott has discussed the 
application of the enlarged attachment to mine-surveys,* but 
only the use of the smaller model in solar work will be touched 


Pia. 123 



upon here. The attachment is fastened to the top of the main 
telescope upon a polar axis very similar in design to Schmoltz’s 
modification of Burt, and is kept at right angles to the main 
telescope by means of capstan-head screws ojierating between 
the plates. The angular value of the declination, corrected 
for refraction and hourly change, is laid off on the vertical 
circle; the transit-telescope being depressed or elevated as the 
declination is north or south. The solar telescope, being 
previously adjusted to the same vertical plane with the main 
telescope, is then brought to a horizontal position, as indicated 


^ Trans , xxvm , 729, 
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by its own longitudinal bubble. This arrangement, as already 
noted, makes it possible to employ the vertical or latitude-circle 


Rg. 124. 



Saegmuller’s Solar Transit. 


as a declination-arc. The two telescopes will now form an 
angle equal to the declination, and the inclination of the solar 
telescope to its polar axis will be equal to the polar distance of 
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the sun. In this relative position, both telescopes are now so 
inclined that the vernier of the vertical circle indicates the 
co-latitude of the observer; and thus, on rotating the instru- 
ment upon its vertical axis until the sun’s image is brought into 
the solar’s field of view, the transit-telescope will be in the me- 


Fig. 125. 



Bell-Elliott'Eckliold Omnimeter, with Saegmuller’s Solar. 


ridian. In recent years Elliott Brothers, ot London, have been 
adding this attachment, provided with its own hour-circle, as 
shown in Fig. 125, to the Bell-Elliott improved Eckhold Om- 
nimeter. 

In 1887 F. E. Brandis’ Son8, of Brooklyn, H.T., introduced a 
modification of the Saegmuller solar (Fig. 126), in which the 
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small telescope is “broken” in tke usual way, by placing a prism 
between the objective and ocular, For this device is claimed 
greater convenience in sighting the sun, as the eye-piece is al- 
ways at the side of the instrument. The attachment is nicely 
balanced by placing the bubble opposite the objective-end of 
the broken telescope. 

Walter ScoWs Solar Attachmefit . — July 1, 1890, Walter Scott, 
of Hot Springs, Dak., patented an attachment of the Smith type, 


Fig. 126 . 



Brandis Solar Transit. 


which be claimed could be readily attached to any ordinary 
transit-instrument. This, no doubt, is too great a claim. The 
sighting-tube having a single smoked lens in the ocular, and 
cross-hairs only at the objective-end, rested upon a base-plate 
pivoted to the lower end of one of the standards. The latitude- 
arc was permanently fixed to the same standard, and extended 
somewhat beyond at the upper end (Fig. 127), terminating 
in three extra perforations for the reception of the swivel- 
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block of tlie tangent screw At tke lower end of the vernier- 
arm of the dechnation-arc is a prism, or mirror-reflector, whose 
plane of reflection is at 45° to the axis of the eighting-tnbe, 
when the vernier of the declination-are reads 0, and at the 
upper end of the vernier-arm there is a convex lens to converge 
the sun’s rays upon the reflector The vernier of the time- 
circle IS a part of one of the collars which supports the sighting- 
tube. "What has been said concerning the operations of the 
Smith solar will apply generally in this case . the mam differ- 


Fig 127 



enee in construction being the rigidity of the latitude-arc in the 
Scott attachment. 

Tee Davis Solar Transit 

History of Origin . — ^It having been claimed that solar instru- 
ments, or attachments for solving the spherical triangle me- 
chanically, were not sufficiently accurate and certain in their 
indications to be used in transit-surveys, a committee was ap- 
pointed, in 1894, by the Ohio Society of Surveyors and Civil 
Engineers, to test the accuracy of solar transits. The mem- 
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bers of this committee were Cbarlcb S, Howe, ProfeSbOr of 
Mathematics and Astronomy, Case School of Applied Science, 
Cleveland , C H. Burgess, a civil engineer of Cleveland , and 
the writer. Mr. Burgess being unable to give to the matter 
his personal attention, the investigations were made by Prof 
Howe and myself. The committee succeeded in getting 
together solar instruments of all the prominent makei’b except 
one, so that ample opportumty was had for tests 

The report of the committee will be found in the annual vol- 
ume of the Society for 1895 It states the conclusion that 
“ errors of one minute, or even one and one-half minutes either 
way, are not infrequent, and any single observation would be 
uncertain to this extent.” The observations referred to fall 
within an arc of three minutes The committee also found it 
essential to have an accurately established meridian on which 
first to test the solars , since, when the sun was brought into 
its f)roper relation to the equatorial lines, the true meridian 
would not at all times be indicated. In order, therefore, to 
get close to the meridian, the instrument must first be set on 
an established meridian, and the actual relation of the sun’s 
image to the equatorial lines must be determined. It was found 
that the sun’s image would be sometimes above and sometimes 
below its proper central position. The further work had to be 
done in accordance with that determined position "We con- 
cluded that the difiiculty arose from our inability to adjust the 
instrument exactly. From experience gained in these tests, the 
writer became satisfied that much of the objection of the profes- 
sion to the mechanical solar is due to the fact that additional 
adjustments are required, that the adjustments are difficult to 
make, and that their maintenance is a matter of some uncertainty. 

Believing that an instrument from which these difficulties 
are eliminated would be desirable, the writer began experi- 
ments to that end; and the first instrument, constructed by 
Ulmer & Hofi’, Cleveland, 0 , was shown before the Ohio So- 
ciety of Surveyors and Civil Engineers at their annual meeting 
at Dayton, 0., in February, 1896. This transit-instrument had 
a vertical- or latitude-arc and a telescope capable of rotating in 
a sleeve about its longitudinal axis The telescope had a fixed 
object-end, before which a mirror was so securely attached as 
to partake of any rotative motion of the telescope, yet capable 
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of revolving about an axis at rigbt angles witb the line of col- 
limation. In 1898, the writer discovered that a small level 
placed upon the transverse axis of a telescope so constructed 
would enable the vertical- or latitude-arc to be eliminated. 
For, by setting off the latitude-angle on the horizontal limb, 
the mirror, reffecting a target, could be placed at the proper 
angle with, the optical axis of the telescope, and then, by rotating 
the telescope through 90°, the same angle could be transferred 
to the vertical plane. As to measuring a vertical angle on the 
horizontal limb, it is not intended to do away with the verti- 
cal-arc in general practice, but only to replace the latitude- or 
vertical-arc in the J. B Davis solar transit when the arc is only 
wanted for solar work. For practical reasons, this method of 
setting off* a vertical angle is not applicable for latitudes much 
lower than 20° , but these are much lower than any within the 
boundaries of the United States. Articles describing the 
J. B. Davis solar transit have appeared in the Journal of the 
Association of Engineering Societies, FTovember, 1896 ; The Col- 
liery Engineer, July, 1897, Enginemng News, April 28, 1898, 
and Mines and Minerals, April, 1899. It was patented January 
21, 1897, and February 28, 1899. 

Descrijption — ^Figs. 128 and 129 represent the J, B. Davis 
solar transit, as made by Ulmer & Hoff*, Cleveland, 0 , without 
vertical-, latitude- or declination-arc ; all angles being measured 
upon the horizontal limb. Fig 128 shows the solar transit 
with the reflector attached, and Fig. 129 with it detached. The 
solar transit is constructed with or without a vertical-arc, as 
may be desired As the construction of a solar transit without 
a vertical-arc is a new departure, the method of operation with- 
out the arc will be described; the operation with a vertical-arc 
will then be obvious. 

The transit-telescope is the polar axis in this instrument, 
and is so constructed inside a sleeve as to be capable of ro- 
tating on its longitudinal axis. Its object-end is fixed, and a 
reflector is securely attached to it. The usual vertical- or 
latitude-are is dispensed with ; but a level is placed upon the 
transverse axis of the telescope. The reflector is so con- 
structed as to be capable of rotating with its frame about the 
line of collimation of the telescope as an axis, and also of re- 
volving on an axis in its own plane at right angles to that 
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line ; so that by sighting to a target the refleetor may be placed 
in proper angular relation to the line of colliniation in each 
meridian and latitude observation. This reflector-construc- 
tion, together with the rotating transit-telescope, results in 

Fig. 128. 


J. B. Davis Solar Transit, Beflector Attached. 


doing away with the maintenance ot all solar adjustments. 
Thereby, as the transit-telescope is used for solar work, not 
only is the accuracy of the instrument increased, hut the cer- 
tainty of its indications as well; because adjustments of special 
solar apparatus are difficult to make, are sensitive, and eonse- 
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qnently easily disturl^ed. All solar transits heretofore con- 
structed require the maintenance of certain adjustments ad- 
ditional to those of the engineer’s and surveyor’s transit ; and 
the majority have separate latitude- and declination-arcs. In 

Fig. 129. 



J. B. Davis Solar Transit, Eeflector Detached. 

this solar these arcs are dispensed with, and all angles are 
measured on the horizontal limb of the transit. 

At the eye-piece end of the telescope is placed the cross-hair 
ring, or diaphragm, provided with the usual vertical and hori- 
zontal transit-hairs, AB and GD, and the two solar hairs EF 
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and GH, Fig 180. The small circle between the solar or 
equatorial hairs represents the sun in the field of view. Fig. 
130 shows the diaphragm in its normal position for terrestrial 
work. The line of eollimation can be adjusted on a fixed 
point by rotating the telescope in its sleeve, as an engineer’s 
wye-level on its wyes. The solar hairs and rotating telescope 
are a convenience, even when only terrestrial work is required 
of the transit; for the solar hairs can be used for stadia-work, 
and the operator can, by rotating the telescope, quickly provide 
himself with a single hair for either transit- or level-work. At 
the eye-end of the telescope there is a shaded glass slide for 

Fig 130 

A 


E 

C 

a 


B 

Transit and Solar Cross-Hairs 

use in observing the sun. A diagonal prism is not required, 
as the eye-piece is elevated, in the position most favorable and 
convenient for the observer. The needle and the time-gradua- 
tions on the telescope act jointly as a finder, to bring the image 
of the sun within the field of view. When the transit is not 
required for solar work, the reflector can be removed from the 
object-end of the telescope, and the telescope secured in its 
normal position by a set-screw. The central cross-hair is then 
vertical, and the telescope is firmly fi.xed in its sleeve. 

The advantages obtamed in this solar transit are (1) sim- 
plicity ; (2) the use of but one telescope for solar and transit 
work; (3) the omission of the usual declination- and latitude- 
arcs, the graduated horizontal limb of the transit serving their 

VOL. XXX. — 51 
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purpose; (4) the elimination of the maintenance of all adjust- 
ments of solar parts; (5) the obviation of all necessity of coun- 
terpoising the solar parts or attachments — ^the reflector weigh- 
ing no more than the siin-shade , (6) the absence of projecting* 
parts liable to injury. 

With this instrument, solar work in keeping with the acen- 


Fi& 131 



Transit-telescope ER^, Reflector. R®, Position of the image in the re- 
flector-plane G^, Center of revolution of the transit-telescope T, Target. 
T*, Stationary sighting-point T^, Movable sighting-pomt Angle A, South 
polar distance of the sun The dechnation of the sun, corrected for ref i ac- 
tion, = 20° 


racy of an engineer’s transit can be done, if the proper hours 
of the day for doing it are selected. The writer is satisfied 
that solar work requiring the closest possible results can only 
be done in the middle of the forenoon or afternoon. Close 
work cannot be done, and need not be attempted, with any 
solar, very near noon ; because an error then made in setting oft 
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the exact latitude or declination is considerablj multiplied in 
the azimuth. A want of knowledge on this point has led many 
into error, and some to doubt the efficacy of solar work eu- 
tirely, under the wrong presumption than any hour of the day 
is equally favorable to such work. 

Operation . — ^Fig 131 illustrates the target-sighting method of 
setting the reflector in its proper relation to the line of eolli- 
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HO, A horizontal plane PPb Line of collimation of the transit Re- 

flector-plane EQ, Line from the point Q at right angles to the line of col- 
hmation QHB and QD^S, Declination-hnes 


mation for a meridian or latitude observation, and will be re- 
ferred to, as the operation of the instrument is described in 
detail. 

The optical axis of the telescope C0\ the sighting-point, T^ 
or T^, and the image of the same in the reflector RRb are all 
in the same horizontal plane when the image of or T- is 
thrown into the line of collimation. When the reflector is 
placed at an angle of 45° to the line of collimation, the line of 
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sight of the telescope is deflected 90°, and will represent the 
equator ; and when the reflector is placed at an angle to the 
line of collimation of 46° plus or minus one-half the declina- 
tion of the sun (according as the declination is north or south), 
the line of sight of the telescope will be deflected by an angle 
equal to the south polar distance of the sun. The target, as 
indicated in Fig. 131, has two sighting-points, and 
alone is used in setting off the latitude , and are together 
used in setting the reflector in a meridian observation, as will 
hereafter be explained. The target T remains stationary and 
is set at right angles to a line drawn from the target-point T* 
to the transit-center, therefore, when the angle A is 90°, the 
distance T^ T^ = C-® When the angle A becomes more 
or less than 90°, the distance T^ T^ must be reduced, so as to 
equal the perpendicular distance of from the line Th 
To provide for this, the sighting-point T^ is movable on the 
target, and an index-point and graduations enable the operator 
to set it in proper position for any angle A. The following 
statement will show the principles on which the operation of 
the solar is based. 

Place the line of collimation of the transit-telescope PP^ (Fig. 
132) in the horizontal plane HO, and intersecting the reflecting- 
plane RR^ at Q, with the reflecting-plane so placed (at 45°) that 
any point E situated in the horizontal plane and in a line at right 
angles to the line of collimation from the point Q will be re- 
flected along the line of collimation ; or, again, in such other 
position that reflection in the line of collimation will take place 
from any point, such as D H and HS, lying in the horizontal 
plane and situated either to the right or left of the point E and 
in the line from the point Q that makes an angle with the line 
EQ equal to the declination of the sun at the time The re- 
flecting-plane will now be perpendicular to the horizontal 
plane, in which the line of collimation lies ; and the horizontal 
angle between the line of collimation and the intersection of 
the two planes will be such as the declination of the sun at the 
time of observation may require. 

If, then, keeping this angle unchanged, the line of collima- 
tion PP^ be inclined, as in Fig. 133, to the horizontal plane 
HO, at an angle equal to the latitude of the place, P^L (m the 
manner to be presently described), and the reflector-plane be 
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rotated about that line as an axis, the sun can be followed in 
its passage from east to west, m case the line of eollimation is 
in the plane of the meridian. The line of eollimation may be 
brought into that plane by a horizontal circular motion about 
^C, the vertical axis of the instrument, at right angles to the 
horizontal plane. At the same time the line of eollimation, 
and with it the reflecting-plane, is rotated about itself as an 
axis, until the center of the image of the sun is seen exactly 
in the line of eollimation. The line of eollimation will then be 
in the meridian plane of the observer. 


Pig 133 



Again, returning to Pig. 131, let it be understood that in the 
operation of this instrument the optical axis of the telescope, 
or the line of eollimation, is what is termed the polar axis in 
other solar instruments , so that any line perpendicnlar to the 
optical axis from a point in the reflector-plane at its intersection 
with the optical axis of the telescope produced will be in the 
plane of the equator. The sun in its position, on one or the 
other side of the equator, in its varied positions of declination 
throughout the year, will he represented by the correspond- 
ingly varied horizontal-angular position of the target as sighted 
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to HI each observation. Tins varied position of the target with 
reference to the aforesaid equatorial line is determined by the 
angle A, which varies with the sun’s declination. It will thus 
be seen that the target is made to bear the same relation to the 
optical axis of the telescope, and the aforesaid hue perpendicular 
thereto, as the sun bears to the polar axis and equatorial line 
at the time of observation; and that if the telescope be 
dipped, ivith reference to a horizontal plane, sufficient to 
conform to the position of the earth’s axis at the point of ob- 
servation, the sun’s mage can only he seen in the optical axis of the 
telescope when the telescope has been brought into the plane of the 
meridian. 

To Set the Telescope to the Latitude-Position — 1. Seethatthe usual 
transit adjustments are carefully made Loosen the set-screw 
which passes through an arm of the telescope-axis and engages 
the telescope, so that the telescope can be rotated in its sleeve 
until the solar lines have become vertical When the rotation 
has been made, secure the telescope by the same set-screw. 
Clamp the solar redector-frame to the object-end of the tele- 
scope, placing it so that the reflector will be approximately in 
a vertical plane and parallel to the line of colhmation, so as not 
to obstruct the view through the telescope. Place the transit- 
center vertical by means of the plate-levels and the telescope- 
level; and then, while the telescope is level, sight a target (at 
any convenient distance, 20 to 200 feet from the transit) with 
the stationary sighting-point on both the central vertical and 
the horizontal cross-hairs, and the movable sighting-point on 
the horizontal eross-haar only, (See Pig. 131.) 

2 Observe the reading of the horizontal limb, and then set 
offi on that limb an angle equal to the latitude of the place of 
observation ; and, with the telescope still horizontal, by rotat- 
ing the reflector about its own, then vertical, axis, bring the 
image of the target-point T^ into the line of collimation of the 
telescope. (See Pig. 134.) 

3. Without changing the angle made by the reflector with the 
line of collimation, return to the first reading of the limb ; the 
telescope will then again be directed to the target-point 
Loosen the set-screw before referred to, and rotate the telescope 
90°, securing it by the set-screw in this position. Dip the 
telescope until the reflected image of the target-point appears 
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in tlie line of eollimation , and tlien bring tlie bubble of the 
transverse-axis level to a central position. (See Fig. 135 ) The 
telescope is noiv dipped to the requiied latitude-angle, and the 
axis-level enables the operator at any time to restore the tele- 
scope quickly and accurately to the proper latitude-position 
To Determine the Meridian. — 1. Again place the solar hairs 


Pig 134 



Showing the Latitude-Angle in a Horizontal Plane T, Target T^, Stationary 
sighting-point. T^, Movable sighting-point C C', Transit-telescope in two 
horizontal positions C, Center of horizontal revolution of the transit tele- 
scope E, Eeflector L Lb Latitude angle Tb C' and the image of T*- in E 
are in a horizontal plane. 

perpendicular, remembering that the transit-telescope will be 
directed to the target-point Tb when the transit-limb is made 
to indicate the first angle read in the operation of dipping the 
telescope to the latitude position. FTow, set ofP an angle equal 
to 90°, plus or minus the corrected declination of the sun at 
the time of observation, according as the snn is north or south 


Fig 135 



Showing the Latitude-Angle in a Vertical Plane T, Target Tb Stationary 
sighting-point C C^, Transit-telescope (?, Center of revolution of the 
transit-telescope E, Eeflector L Lb Latitude angle B Bb Transverse-axis 
level Tb O’" and the image of T^ in E are in a vertical plane 

of the equator. This angle is the south polar distance of the 
sun, and is indicated as angle A in Fig. 181. With the tele- 
scope level, place the reflector in such a position that the image 
of the target-point T^ will appear exactly in the line of collima- 
tion of the telescope. (The target-point is sighted to, for the 
purpose of allowing for the parallax due to the reflector’s being 
at the object-end of the telescope, and not at the transit-center ; 
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and the distance is controlled by the angle A, as before 
explained.) By this operation, the plane of the reflector is 
made vertical, and at the same time its intersection with the 
horizontal plane of the collimation of the telescope will be at 
such a horizontal angle with the collimation as the declination 
of the sun at the time of observation requires (See Fig. 131.) 

2. Having now placed the reflector in proper angular relation 
to the line of collimation, turn the object-end of the telescope 
south, dip it from a horizontal position by an angle equal 
to the latitude of the place of observation, by means of the 
transverse-axis level (previously set to indicate the proper lati- 
tude); and securely clamp the telescope. Loosen the set-screw, 
so that the telescope rotates in its sleeve It will be seen that 
the sun can then be followed in its daily motion. Rotate the 
telescope in its sleeve, and at the same time turn the whole 
instrument horizontally, until the sun appears exactly between 
the solar hairs, and the perpendicular hair approximately bi- 
sects it. Then flrmly clamp the transit-center. The telescojpe 
will then be in the true mendian 

3. Bring the telescope back to its normal position in its 
sleeve, and secure it by the set-screw Hu clamp the telescope- 
axis and fix the meridian-line by suitable points. In doing this 
the reflector is undamped and placed parallel to the line of 
collimation. In this position it forms no obstruction whatever 
to the line of sight. 

To Determine the Latitude. — 1. Place the reflector in proper 
angular relation to the line of eolhmation (as in the instruc- 
tions for determining the meridian), so as to reflect into that 
line the sun’s image when at noon-declination. Rotate the 
telescope 90° in its sleeve, and secure it by the set-screw. 

2. Dip the telescope, and follow the sun until it has attained 
its greatest altitude. Then set the latitude- or transverse axis 
level in a horizontal position, in order that the telescope may 
be returned to the proper latitude-position whenever desired 

3. To read the latitude-angle from the transit-limb, first 
place the telescope in the vertical plane passing through the 
target-point T\ by returning to the same reading of the limb 
as indicated when the target was first sighted, in the operation 
of setting the reflector to its decimation-position. Still retain- 
ing the telescope in its established latitude-position, change the 
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reflector so as to throw the image of the target-poiat into 
the line of collimation hfow place the telescope in a hori- 
zontal plane, rotating it 90° ; and then move it horizontally 
until the target-center is again seen reflected in the line of col- 
limation (See Figs. 134 and 135.) Then read off the latitude 
from the transit-limb. 


The Properties of Brass Made from Copper Containing Sub- 
Oxide, with Observations of the Effect of 
Oxygen on Copper 

BY ERWIN S SPERRY, BRIDGEPORT, CONN 
(Canadian Meeting, August, 1900 ) 

1. Introduction 

The oxidation of metals melted in contact with air takes 
place with dissimilar results. Tin, lead or zinc are examples 
of a class, the oxides of which float on the surface of the melted 
metal. First a film is produced, which covers the surface; 
then, if agitation horn any cause exposes new metal to the ac- 
tion of the air, additional oxidation takes place, and the film is 
increased in volume. This change goes on until a consider- 
able quantity of oxide (or “ dross,’’ as it is technically called) is 
formed ; depending, of course, upon the duration of the exposure 
of the metal to the atmosphere. When such metals are poured, 
the dross may he skimmed off'; and clean metal will be left un- 
derneath The removal of such oxides is, therefore, merely a 
mechanical process. In the ease of copper, however, the result 
is quite different The suh-oxide of copper (CujO) is readily 
soluble in molten copper, and therefore, instead of the forma- 
tion of a film of oxide, to be finally removed as dross, the sur- 
face of the metal remains bright and clear, because the oxide 
has been dissolved as sodn as it was produced. 

It is customary in the process of copper-refining to leave a 
small quantity of oxide in the metal, in order to oxidize any 
traces of bismuth, arsenic or antimony which have not been en- 
tirely removed. As a result, these metals exist in the commer- 
cial product as oxides, and not as metals, which would form an 
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alloy with the copper and so injure its quality. In making- 
copper bars for the man-ufaeture of wire of high electrical con- 
ductivity, and cakes to he rolled into sheet, this practice is, with- 
out doubt, beneficial, but it does not improve the copper for the 
manufacture of brass or other alloys. Zinc is a strong reducing 
agent ; and the study of its thermo-chemical reactions has shown 
that it will reduce not only the oxide of copper according to the 
reaction 

0u,0 -f Zn = 2Cu -f ZnO, 

but the oxides of bismuth, arsenic and antimony as well. In 
the manufacture of brass, therefore, all the other metallic 
oxides are reduced to metal, -with the formation of oxide of 
zinc. 

It is well known that, by reason of the absorption of oxygen, 
copper rapidly deteriorates when melted in a crucible. Each 
successive melting, therefore, injures its quality. Small amounts 
of oxygen do not seem to affect appreciably the ‘‘ hot-working 
qualities of copper, but tend to make the metal cold-short. In 
the manufacture of sheet-copper the tendency to crack during 
the process of rolling is overcome by reason of the fact that the 
metal is “broken-down” hot; the cold-workmg which is after- 
ward put upon it does not then have the tendency to crack it. 
Pure copper is much softer than that which contains oxygen. 

In order to determine the influence of sub-oxide of copper on 
brass, it was necessary to make copper containing varying 
quantities of sub-oxide, and then to use these products instead of 
the pure material. The description of such experiments, given 
below, includes also observations on the effect of the sub-oxide 
on the properties of copper 

It was decided to introduce into the copper the maximum 
amount of sub-oxide, and to use this product, first without any 
admixture of pure material, and then with the addition of vary- 
ing amounts of pure copper, thereby decreasing the percentage 
of contained oxygen. The ideal method, however, seemed to 
be to melt pure copper in a crucible, and then add some oxi- 
dizing agent like saltpeter. Such a method was also tried ; 
and, while the results were not satisfactory, they may be of in- 
terest. 
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II The Properties of Copper Containing Suboxide Formed 
BY Fusion y’-ith Saltpeter. 

Experiment No 1. — Twelve lbs of Lake copper were melted 
in a new plumbago crucible, without any charcoal or flux, and, 
when the temperature had reached the proper degree, 4 oz. of 
saltpeter were added, in small portions at a time. Efferves- 
cence followed the contact of the copper with the saltpeter, and 
the latter then fused to a liquid slag which, as soon as it reached 
the side of the crucible, became incandescent, apparently by 
reason of the reaction between the plumbago and the saltpeter. 
The copper was then immediately poured into ingots The 
melted metal ran quite freely, without any film of oxide, and 
set quietly with a level top The ingots fractured easily, and 
lacked the usual toughness of pure copper, although they could 
be bent to a considerable extent before breaking. The gram 
of the fracture was fine, free from crystallization, and would be 
called, in the copper industry, “ dry ” The ingots could not be 
rolled cold, but worked hot nearly as well as pure copper, al- 
though the ingot was of such size* that it did not admit of ac- 
curate comparison with commercial work Duplicate analyses 
of the product gave the following results : 

A B 

Per cent Per cent 

Copper, . . 99 77 99.78 

Oxygen (by difference),! . . 23 22 

100 00 100 00 

As the amount of oxygen introduced into the copper in this 
treatment was not sufficient for the purpose of this investiga- 
tion, another test was made. 

Experiment No. 2. — Ten lbs of Lake copper were melted in 
the same manner as before, and half a pound instead of 4 oz. 
of saltpeter was added. The action in the two instances was 
identical. When the metal was poured out into ingots it ran 


* The size of the ingots wasl in hy 2 in by 12 m 

f Inasmuch as the author lacked proper facilities for making accurate oxygen 
determinations, a sharp copper-determination was made, and the oxygen was then 
determined hy difference For these particular determinations, as the amount of 
oxygen was large, it is believed that such a method was sufficiently accurate The 
quantity of the other elements in the copper is so small that the results are not 
appreciably affected thereby 
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freely, and the top remained leyel The ingots broke easily, 
and the fracture was “ dry.’’ The copper worked hot, but could 
not be rolled cold. The results of the analyses were 


Copper, . ... 

Oxygen (by difierence), 

A 

Per cent 

. 99 90 

10 

B 

Per cent 

99 91 

09 


100 00 

100 00 

Such results are almost paradoxical. 

Although the quantity 


of the oxidizing agent introduced was double that of the pre- 
vious experiment, the amount of oxygen remaining in the 
copper was only half as great. The experiment was therefore 
repeated. 

Experiment Fo. 3.— Thirteen lbs. of Lake copper were melted 
as before, and 12 oz. of saltpeter were added. Of the result- 
ing copper no analysis was made, but it was identical in frac- 
ture and other physical qualities with that of Experiment l^o. 2. 

In carrying out the last two experiments even greater care 
was used than in the first. The mixture was stirred thoroughly 
after each addition of saltpeter, and the crucible was allowed to 
remain in the fire for some time. The results were not what 
was anticipated ; and the apparent paradox may, perhaps, be 
explained by the assumption that the saltpeter first acts as an 
oxidizing agent, but that, after the available oxygen has all been 
given ofit, the potassium nitrite (or perhaps carbonate, formed 
hy the reaction between the plumbago and the saltpeter) acts 
as a reducing agent. These experiments, however, are too 
meager to establish firmly snch a theory; and, as further in- 
vestigation in that direction would be beyond the scope of the 
inquiry recorded in this paper, the additional experiments lead- 
ing up to the production of copper containing a large amount 
of oxygen were conducted along other lines 

in. The Properties oe Copper Containing Suboxide Eormed 
BY Atmospheric Oxidation op the Molten Metal. 

Ex-penment No. 4. — Twelve Ihs. and 14 oz. of Lake copper 
were melted in a new plumbago crucible without charcoal or 
finx of any kind. When the metal had melted and reached a 
bright red heat, the cover of the furnace was removed, and air 
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was allowed to play over the surface until the whole mass be- 
came solid. Heat was again applied, and the oxidizing opera- 
tion was repeated. The copper was thus exposed to the action 
ot the air for about three hours. During the last operation, it 
was not allowed to become solid, but was poured directly into 
the ingot-moulds. The metal was covered vuth a slight film, 
and ran very thick and pasty, bubbling violently in the crucible 
while being poured; portions even were projected a consider- 
able distance while the ingots were setting. In this instance, 
unlike that of the copper produced by the action of saltpeter, 
the tops of the ingots swelled enormously through the evolution 
of gas. The ingots broke easily, and the fracture was darker 
in color than pure copper , in fact it resembled that of red 
brick more than of any other material. The metal was filled 
with blow-holes, many of which were quite large The chips 
were very short ; and, when drilled, the metal behaved like cast- 
iron ; the usual toughness, experienced when copper is worked, 
was entirely absent. Haturally the metal could not be worked 
cold; but if heated to a bright red heat, it would forge to a 
thin edge, with only a few edge cracks a proper temperature 
was necessary, however, to obtain these results. When bent 
over on itself, even at any temperature, it fractured at the bend. 
An analysis gave the following results . 

A B 



Per cent 

Per cent 

Copper, 

98 48 

98 58 

Oxygen (by difference). 

1 52 

1 42 


100 00 

100 00 


Experiment No. 5. — Fifteen lbs. of Lake copper were melted 
as before The furnace-cover was then removed, and air was 
allowed to come into contact with the metal for half an hour, 
after which the copper was poured into ingots. The mass 
behaved exactly like that of the previous experiment. In the 
ingot, the only difference noted was the absence of the extreme 
brittleness manifested in the product of Experiment Ho. 4 The 
ingots would bend slightly before breaking. The results of 


analysis were 

A B 

Per cent Per cent 

Copper, . . 98 88 98 79 

Oxygen (by difference), . . 1 12 1 21 

100 00 100 00 
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JEjuperment No 6 — Twenty lbs of Lake copper were melted 
as before, and the oxidizing operation was repeated The metal 
was exposed to the action of the air for about half an hour, and 
was then poured into ingots. Contrary to expectations, and 
although an analysis gave nearly the same amount of contained 
oxygen as in the material produced in Experiment Ko 5, the 
surface of the ingots did not swell, but shrunk slightly The 
results of the analysis were 

Per cent 

Copper, 98 78 

Oxygen (by difference), . • ^ 


100 00 


The fracture of this material, while “ short,” was practically 
free from blow-holes One of the ingots was forged hot from 
a thickness of 2 in to | an in. It forged much harder than 
pure copper, and cracked at the edges. An attempt was made 
to roll it cold at this thickness ; but, when a slight pinch was 
taken, it cracked to pieces. Another ingot was then forged 
down hot to | in diameter, and a second attempt was made to 
reduce it cold. It was rolled with great difficulty to a thickness 
of 0,025 in. In order to prevent the sheet from cracking to 
pieces, it was imperative that no bending should take place. It 
readily yielded to compression; but any transverse strain in- 
variably resulted in fracture. 

IV. The Properties of Copper Eree from Oxygen. 

Experiment No. 7. — Twenty lbs of Lake copper were melted 
under a good layer of charcoal, and, when at a proper heat, 
poured into a closed mould, f by 2f by 24 m. m internal size, 
and oiled with lard-oil During the melting every precau- 
tion was taken to keep the metal well covered with charcoal, 
and not to allow it to remain in the fire after the normal tem- 
perature for pouring had been reached The plate produced 
had every appearance of a sound casting It was free from 
spills or cold shots, and the top remained perfectly level while 
cooling. It was rolled cold from 0.602 in. to 0.500 in. thick- 
ness ; and many large cracks started from the edges When 
the reduction had reached 0.387 in. the plate had cracked to 
pieces. The metal worked hot, however, fully as well as cop- 
per which had not been remelted. 
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The preceding experiments demonstrate that oxygen render-^ 
copper particularly sensitive to cold-working, but, unless present 
in excessive amount, does not materially affect its hot-working 
properties. 

A peculiarity of copper containing oxygen, and one which, it 
is believed, has been appreciated for some time past, by heaters 
coming into occasional contact with such material, is its sen- 
sitiveness to variations in the heating-temperature. The more 
oxygen copper contains, the higher the rolling-temperature 
must he 

V The Properties of Brass Made from Copper Contain- 
ing Oxygen. 

In the following experiments, made to determine the influ- 
ence of copper containing oxygen on brass, the material result- 
ing from the preceding experiments was used. In order to le- 
duce the percentage of contained oxygen, varying amounts of 
pure copper were added, as occasion demanded. The base- 
composition contained 60 per cent, of copper and 40 of zinc. 

jExperiment J^o 8 — Brass from Copper Containing 1.47 B&r Cent. 
Oxygen — Of the copper from Experiment hTo 4, 6 lbs. were 
melted without charcoal or flux, and, at a temperature sufldcient 
for brass-making, 4 lbs. of Bertha zinc were added, in small 
portions at a time As each portion of zinc was added, the 
mass “ flared ’’ and “ sputtered ” enormously, many times more 
violently than at the corresponding stage in brass-making — in 
fact, with almost explosive force. Large clouds of zinc oxide 
were given off, and the result seemed quite similar to the con- 
dition which would exist were the copper at a white heat. After 
the second portion of zinc was added the mass began to thicken, 
and became difficult to stir. 

When aU the zinc had been added, the brass had become 
solid and could not be stirred at all On the supposition that 
the mass had perhaps become solid on account of a fall in tem- 
perature, the furnace-cover was put on, and the crucible was 
again heated for some time. A violent heat for fifteen minutes 
did not suffice to liquefy the mass and, therefore, it was poured 
into ingots. Although it smoked violently when removed from 
the fire, only a small portion ran out , the rest remained in the 
crucible as a solid mass The metal which ran out had every 
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appearance of pure brass ; it flowed freely into the mould, and 
seemed to be thoroughly alloyed. An analysis of this portion 
showed : 

Per cent 

Chopper, . 82 97 

Zmc, . . 17 11 

100 08 

The ingot was rolled cold from a thickness of 0 518 in. to 
0.089 in without annealing ; and, though it cracked consider- 
ably on the edges, rolled much better than would be expected 
from such material. 

The mass left in the crucible, while apparently infusible, had 
every appearance of a thoroughly alloyed composition. It had 
the color and luster of brass ; and, except by reason of its 
shape, one would scarcely believe it to be anything but a pure 
alloy. Its form, however, revealed its infusible nature ; as it 
resembled rather a conglomeration of nodules than a mass of 
melted metal. Inasmuch as subsequent experiments demon- 
strated its infusible nature, and in view of the fact that its forma- 
tion takes place if the amount of oxygen in copper is excessive, 
the author has applied the name of “ Brass Salamander ” to it. 
A reproduction from a photograph of the salamander obtained 
from Experiment Ho. 8 is shown in Eig. 1 The reactions 
which result in the formation of the salamander may be stated 
as follows • 

The sub-oxide in the copper is reduced .to metal by the zinc, 
with the formation of zinc oxide, according to the reaction 

Zn 4- CujO = ZnO -j- 2Cu. 

The heat generated by the reaction produces enormous “ flar- 
ing ” and large loss of zinc The zinc oxide having been 
formed by the reduction of copper oxide is distributed through 
the metal in the same manner that a precipitate is formed by a 
chemical reaction ; and, inasmuch as it is a particularly refrac- 
tory substance, the alloy is rendered infusible, with the conse- 
quent formation of the “ salamander.” 

The weight of this salamander was 5 lbs. 10 oz. ; and that of 
the metal poured into ingots 2 lbs. 6 oz. 
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JExperiment No. 9. — JBi'oss from Copim' Containing 1.17 Per 
Cent. Oxygen. — In carrying out this experiment, the same 
weights and methods were used as in Experiment ISTo. 6, ex- 
cept that instead of using copper containing 1,47 per cent, of 
oxygen, that which resulted from Experiment No, 5 (contain- 
ing 1,17 per cent, oxygen) was used. The same reaction 
occurred when the zinc was added ; a salamander was left in 
the bottom of the crucible; and in all other respects the result 
was the same as that of the preceding experiment. The metal 
which ran out was rolled without annealing from 0,510 in. to 


Fig. 1. 



Brass Salamander. 


0.089 in. in thiclmess. It behaved in the rolling-process like 
the sheet previously rolled, i.e., it cracked much more on the 
edges than pure brass of the same composition. An analysis 
showed : 

Per cent. 


Copper, 

Zinc, 


83.90 

16.10 

100.00 


Weight of salamander, 4 lbs. 14 oz, ; weight of metal poured 
into ingots, 2 lbs. 3 oz. 

Expmmmt No. li).— Brass from Copper Containing 0.58 Per 
Gent. Oxygen.— In this experiment there were melted together 3 
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lbs. of pure Lake copper and 3 lbs of copper containing 1.17 per 
cent of oxygen ISTo flux or charcoal was used. When the 
proper temperature had been reached, 4 lbs of Bertha zinc 
were added in small portions at a time The same violent 
action occurred as in the previous experiments , and the mass 
thickened and became solid More zinc was added, however, 
before the solidification took place, than could be introduced 
into copper containing a greater percentage of oxygen. 

When all the zinc had been introduced, the alloy was poured 
into ingots. The crucible smoked freely when removed from 
the fire , but, as usual, only a portion of the mass would run 
out. That which was liquid ran as freely as pure brass The 
usual salamander remained in the crucible, but was much 
smaller than those previously obtained. An analysis of the 
portion poured into ingots showed 

Per cent 

Copper, . 64 68 

Zinc, 36 56 

160 24 

JEcpenment No. 11 — Brass from Copper Containing 0 39 Per 
Cent. Oxygen — Melted 4 lbs of Lake copper together with 2 lbs 
of the copper containing 117 per cent of oxygen. When the heat 
was right, 4 lbs. of Bertha zinc were added, in small portions 
at a time. The reaction was much less violent than in any of 
the preceding experiments, and the salamander was somewhat 
smaller. The portion which ran out of the crucible was filled 
with small red specks and nodules, apparently of unreduced 
sub-oxide of copper Analysis of the liquid portion showed 

Per cent 

Copper, 64 58 

Zinc, . 35 48 

100 06 

The weight of the salamander was 1 lb 12 oz., and that of the 
metal poured into ingots, 7 lbs. 5 oz. 

Pjxpenment No 12. — Brass from Copper Containing 0 24 Per 
Gent, of Oxygen — Melted 5 lbs of pure Lake copper and 1 lb of 
copper containing 1 4 per cent, of oxygen, without charcoal or 
flux, and then added 4 lbs of Bertha zinc. The latter metal was 
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added in two portions, and the mixture was carefully stirred 
after each addition The reaction which followed was only a 
trifle more violent than would have taken place had the copper 
been entirely free from oxygen. I^o salamander was left in the 
crucible The metal was poured into a mould ^ by 2f bv 
24 in. in internal dimensions The surface of the mould was 
oiled with lard-oil The alloy ran as freely as brass made from 
new copper , and the superficial appearance of the plate vras fair. 

The plate was rolled from 0 590 in. to 0 440 in. thickness, 
without annealing; and no cracks appeared. Annealed and 
rolled to 0.297 in., it cracked slightly on the edges. Annealed 
and rolled to 0.183 in., it showed many edge-cracks. Annealed 
and rolled to 0 059 in., it showed no additional edge-cracks. 
Analysis showed 

, Per cent 

Copper, 60 44 

Zmc, . . 39 65 

100 09 

JExjpenment No. 13. — Brass from Copper Containing 0.65 Per 
Cent Oxygen^ hut Treated Differently from Experiment No. 10 — 
Melted 3f lbs. of Lake copper and 2|- lbs. of copper containing 
1.47 per cent of oxygen, but instead of allowing them to melt 
without flux or charcoal, as was done in experiment ISTo. 10, 
plenty of charcoal was used, both before and after the metal 
had begun to melt. llVhen the suitable temperature had ar- 
rived, 4 lbs. of Bertha zinc were added in small portions at a 
time, and the mixture was thoroughly stirred after each addi- 
tion There was considerable action when the zinc was added ; 
but much less than that which took place in Experiment 27o. 
10. No salamander was formed Poured directly into a mould 
of the dimensions given in the previous experiment. The mould 
was oiled with lard-oil, and care was taken to surround the stream 
of liquid with gaseous hydrocarbons while the mould was be- 
ing filled. The metal ran freely into the mould, and a good 
plate was produced, which seemed to be fully as clean on the 
surface as pure brass. An analysis showed • 

Per cent 

Copper, ... . . . 61 09 

Zinc, . . ... 38 91 

100 00 
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The plate was rolled firom 0.590 in. to 0.461 in. thickness, 
without annealing, but no cracks appeared. Annealed and 
roll ed to 0.2 79 in ., It showed a few edge-cracks Annealed and 
rolled to 0.051 in., it cracked considerably on the edges. 


"VT. A Comparative Test, Showing the Effect upon Brass 
OF Oxygen in the Constituent Copper. 

The following tests were made to compare the physical char- 
acteristics of this alloy with brass made from new materials. 
For comparison an alloy of the same composition was made, to 
which treatment was given identical with that which the pre- 
ceding alloy had received. Pure Lake copper and Bertha zinc 
were used, and the sheet was rolled down from the same thick- 
ness. The results were as follows • 


Com^parative Statement of Properties of Sheet-Brass Made from 
Copper Containing Oxide, and from New Copper. 


Brass Made from Copper Containing 0 55 
percent Oxygen 

r Copper, . 61 09 

Analysis of the Zinc, 38.91 

sheet 

I 100 00 

Hard-rolled from 0 279 m without 


annealing 

Size, 0.0505 by 0 456 in 
Tensile strength, 2670 lbs. 

Tensile strength per sc[. in , 111,500 
lbs 


Elong in 1 in. (fractured section), 
4 per cent 

Elong in 8 m , 15 per cent 

Size of fracture, 0.049 by 0 428 m 

Eednction of area, 9 per cent. 

Annealed sheet (rolled from 0 590 in 
with various annealings) An- 
nealed after sht. 

Size, 0 0505 in. by 0 475 in. 

Tensile strength, 1476 lbs. 

Tensile strength per sq in , 61,600 
lbs 

Elong in 1 in (fractured section), 52 
per cent. 

Elong in 8 m , 31 per cent 

Size of fracture, 0.035 by 0.356 in. 

Beduetion of area, 48 per cent. 


Brass Made from New Lake Copper 


■ Copper, 61 36 

Analysis ot the _ Zinc, 38 64 

sheet I 

L 100 00 

Hard rolled fiom 0 343 in. without 
anneahng 

Size, 0 052 by 0.474 in. 

Tensile strength, 2736 lbs 
Tensile stiength per sq. in , 111,000 


lbs. 


Elong. in 1 in (fraotmed section), 5 
per cent 

Elong in 8 m , 0 75 per cent. 

Size of fracture, 0 046 by 0.457 in. 

Eeduction of area, 15 per cent 

Annealed sheet (rolled from 0.626 in. 
with various annealings) An- 
nealed after slit. 

Size, 0 051 by 0 477 in. 

Tensile strength, 1492 lbs 

Tensile strength per sq in , 61,390 

lbs. 


Elong in 1 in (fractured section), 52 
per cent 

Elong. in 8 in , 33 per cent 
Size of fracture, 0.038 by 0 360 in 
Eeduction of area, 44 per cent 
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Tlie comparison of these two samples of sheet demonstrates 
the fact that there is little if any difference between them Al- 
though the sheet which was made from the copper containing 
oxygen originally had the same percentage of oxygen contained 
in the copper as that of Experiment No. 10, yet no salamander 
was produced, and the sheet behaved nearly as well in the rolls 
and testing-machine as the purest brass which it is possible to 
make The difference in results may be readily ex;[»lained by 
the difference in treatment. The copper in the expeiiment 
which produced the salamander was melted without charcoal 
or ffux, while the other was carefully treated, both before and 
after the copper had melted. In the latter sample, therefore, 
the oxide had been reduced to metallic copper by the excess of 
charcoal which was present during the melting. 

yn. The Effect of Prolonged Heating upon Brass 
Salamanders 

Experiment No. 14 — ^In order to ascertain the influence of 
prolonged heat on the salamanders which had resulted from 
the various experiments, they were melted together in a covered 
plumbago crucible, without charcoal or flux ; and, after zinc 
oxide had been given off freely, the heating was prolonged 
for about half an hour. The mass was then poured out. Al- 
though zinc oxide was expelled from the crucible in clouds, only 
part of the alloy was liquid , the remainder still existed as a 
salamander. The weight of metal poured out was 4 lbs 10 oz., 
and that of the remaining salamander was 5 lbs. 4 oz 

The portion poured out did not run sluggishly, but filled the 
mould as sharply as pure brass. Apparently all the zinc oxide 
can be driven off from a salamander if the heat be sufficiently 
prolonged and plenty of reducing material, such as charcoal, be 
present. 

Vlil. G-eneral Oonclijsions 

It is believed that the precedmg experiments demonstrate 
that oxygen in copper, unless present in abnormally large 
amounts, does not exert a deleterious influence on the quality 
of brass intended for rolling into sheet. If oxygen is present 
in excessive amounts (quantities seldom occurring in practice 
unless the melter is lax in his methods), salamanders are apt to 
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form. If it is present in less amount, salamanders may not 
form, but the brass manifests a tendency to crack in rolling. 
This 18 due, no doubt, to the zmc oxide present, which prevents 
perfect cohesion From still smaller quantities of oxygen, prac- 
tically no injury is noticed The proportion may even be as 
high as 0 65 per cent. (Experiment Ho. 13) and no adverse re- 
sults happen; but more than ordinary care must he exercised to 
keep the metal thoroughly covered with charcoal. 

The amount of oxygen in commercial copper is more or less 
variable, depending upon the caprices of the refiner ; but in the 
best brands great care is taken to keep within as narrow limits 
as possible. The pitch, of course, determines this point 

According to advices received in personal communications 
from chemists representing two leading brands of copper on 
the market (one Lake and the other Electrolytic), the amount 
of oxygen which exists in these brands of copper may be taken 
as follows 

Lake Electrolytic 
Per cent Per cent, 

Oxygen Contained in Ingot Copper, . 0 012 0 010 

On a careful perusal of the results of the various experiments 
enumerated above, it may be readily seen that no injurious 
influence can possibly be exerted by such a small proportion of 
oxygen as 0.01 per cent. Good sheet-brass was made from 
copper containing over fifty times this quantity (Experiment 
Ho 13). Although the imtial amount of oxygen in copper 
may be quite minute, and not suj65.cient to exert any influence 
on brass, yet if the caster is not cautious, and neglects the fre- 
quent additions of charcoal, this small percentage may be in- 
creased many times by the oxidizing influence of the atmos- 
phere. 

In conclusion it may be said that, unless the amount of oxy- 
gen in commercial copper exceeds the figure given above, it 
cannot, p&r se, he called an injurious impurity. 
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The Colorimetric Assay of Copper. 

BY J D ATJDLEY SMITH, CLIETON, ARIZONA 
(Canadian Meeting, August, 1900 ) 

Heine’s “ blue test ” for copper, as described by the author- 
ities generally, calls for a set of standard colors, and there has 
been some discussion concerning the relative superiority, for this 
purpose, of sulphate and nitrate solutions The whole matter 
evidently hinges on the preservation of the standard colors in 
well-stoppered bottles. The apparatus described by G-. L. 
Heath* cannot be much improved, when very accurate read- 
ings are required 

The following method was devised for the purpose of doing 
away with preserved sets of standard colors, by making a fresh 
standard for each batch of assays The solutions are prepared 
in the usual way, each ammoniacal solution being filtered into 
its separate bottle, and then filled up to the eontaining-mark 
and thoroughly mixed. A similar color-bottle, with an “ S ” 
etched upon it, to distinguish it from the other bottles, which 
are numbered to correspond with the samples, is kept to run 
the standard About 150 c c. of water is put into it, and then 
the amount of acid (sulphuric or nitric) present in each deter- 
mination, followed by 30 e c of ammonia (s. g 0.90), which 
should make the mixture strongly ammoniacal 

The liquid is now made up almost to the containing-mark 
(200 c c.), say within 1 c c. The lowest assay is selected first 
and placed alongside the standard, which, at the beginning, 
contains no copper A copper-solution is then dropped into 
the standard from a burette , and after each addition the bottle 
is well shaken and compared with the assay-sample. This 
operation is repeated until the two shades match exactly, when 
the burette is read and the assay-result is calculated- The 
assay next in order of depth of color is now taken and treated 
in the same way, and so on, until the hatch is completed. It 
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Will be found that the volume of the deepest colors is from 1 to 
2 c c less than the standard, whieh has increased by successive 
additions of eopper-solntion. This is corrected by adding the 
necessary amount of water to tlie assay, just before the last one 
or two drops of copper-solution are added to the standard. 

Details op the Method. 

The copper-solution contams 5 grammes c. p copper per 
2000 C.C., and is made by dissolving the metal in a small quan- 
tity of nitric acid and diluting, so that 1 e.c, = 0.0025 
gramme Cu. 

It is convenient to have a syphon-attachment, for filling the 
burette with this solution. 

Tailings- Assay, —One gramme is digested on a hot plate with 
from 3 to 6c c. of BDSTO, to 3 c.c. of HCl, and 6 c.c. of H^SO,. 
Kapid heating will soon decompose the mineral; and the treat- 
ment should be continued until the sulphur globules which 
form are quite yellow. Add about 30 c c. of water ; then an 
excess of ammonia-water (s. g. 0 90). Mix thoroughly and fil- 
ter hot, through a S. and S. folded filter Ho. 688 or a very 
rapid paper. Wash the iron precipitate twice with ammo- 
nia-water ; then dissolve off again into the original vessel with 
5 e.c of 1 to 1 HjSOi and hot water. By lifting the filter and 
its contents out of the funnel, then opening it out and washing 
back the precipitate with a jet into the original vessel, the 
operation can be performed in less than a minute, and with 
very little water. The solution is now reprecipitated with am- 
monia, and the filtrate is combined with that obtained from the 
first precipitation One final washing is enough (J-g- ammonia) 
for any material not running over 1.6 per cent, of copper. 

Slag- Assay . — One gramme is boiled in a dish with 15 c c of 
water, then 5 c.c of HHO, is added along with 5 c.c. of 1 to 1 
HjSO^. The digestion is earned on until the slag is thoroughly 
decomposed, and any sulphur globules are yellow. It is not 
necessary to dehydrate the silica; and as decomposition is im- 
mediate, there is rarely any delay at this point. The assay is 
now treated in the way as described above for the tailings- 
assay; only, care should he taken to avoid using too large 
quantities of water in washing and transferring precipitates. 
A third precipitation of the iron has always resulted in a fil- 
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trate free from copper when working on blast-furnace slags ; 
but in analyzing high-grade slags, some copper may remain in 
the second precipitate. 

The standard is prepared as already described, and the colors 
are carefully matched. When one gramme is taken, each c.e. 
of copper-solution is eq^uivalent to 0.25 per cent, of copper. 

The following table shows the results of a batch of assays 
occurring in the daily work of a large copper-plant, and illus- 
trates what may be expected from the colorimetric assay in a 
busy office. The samples are varied, consisting of mill-tailings, 
slags and lean ores The results are not so close as those given 
by Mr. Heath in his paper , but he says that his electrolytic 
assay was made on the solution which he had used for his col- 
orimetric assay. The electrolytic assays tabulated below are 
separate determinations on a separate weighing of the sample, 
the copper being precipitated from the acid solution of the ore 
without any previous separation of iron by ammonia. 


Gomparatwe Results of Colorimeinc and Electrolytic Assays. 


No 

Colorimetric 

Assay 

Electro- 

lytic 

Eemarks j 

1 . 

1 1 02 

2 . 1.00 

106 

Electrolytic deposit dissolved in HNO 3 and 
determined by KCN = 1 04 per cent. 

2 

1 0 37 

2. 0 42 

0 43 


3 

1 0 65 

2. 0 67 ' 

0 73 

Electrolytic deposit by KCiST = 0 73 per cent 

4 . .. 

0 92 

0 91 

“ » =0 95 “ 

5. 

1.15 

1 13 

“ “ “ =114 “ 

6 

0 60 

0 68 

Electrolytic deposit dissolved in HINO 3 and 
determmed colorimetrically = 0 65 per cent. 

7 . 

1.35 

1 44 

Electrolytic deposit by color = 1 40 per cent 

8 . 

1 07 

1 18 

“ » ” =116 “ 

9. 

0 99 

1.04 

cc » =100 “ 


Q-reen tints generally result in a low reading. Organic matter 
is the principal cause; but considerable percentages of arsenic 
will also interfere, and produce tints which it is impossible to 
compare. Small percentages of arsenic have no effect. 

The advantages of the above method over the usual method 
of using sets of standard colors are : 

1. In a small office space is valuable, and a set of standard 
colors will take up room which may be used tor something 
else. 
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2. An exact match, is made with each assay 

3. The assavs are read from a fresh standard, and not from 
a bottle which may have been made up months before. 

It was found that Mr. G. L. Heath^s bottle was expensive, 
and easily broken A bottle which is inexpensive, stands the 
wear of the assay-office of a works, and, at the same time, gives 
excellent results, is a square bottle, IS^o. 6675 of Eimer and 
Amend’s catalogue, 2 in. in diameter, and 4f in. high from 
bottom to neck, upon which any required markings for con- 
tained volumes can be readily etched, according to the desire 
of the assayer. 

The results tabulated above were obtained with this bottle. 


The Explosion at the Red-Ash Colliery, Fayette County, 
West Virginia. 

BY W N PAGE, ANSTED, W VA 
(Canadian Meeting, August, 1900 ) 

The Red-Ash colliery was the scene, March 6, 1900, of an 
explosion by which some fifty men were killed or wounded, 
and much property was injured or destroyed. On March 19th, 
the earliest date at which entrance was practicable, I examined 
the mine with the view of determining the extent, cause and 
point of origin of the explosion, and with the permission of 
Mr. F. Howald, the manager, and the owners of the property, 
for whom the examination was made, I present in this paper 
some results of that examination, comprising the essential por- 
tions of my report to them. 

Location and Plan op the Mine. 

The Red- Ash colliery, situated on the south side of Hew 
river, next below the Rush Run mine, with which the under- 
ground workings are connected, is a drift-mine, the entrance to 
which is on a slope, about 500 ft. above the river. (Fig 1 is a 
plan of the workings, in which the points where human bodies 
were found are designated by numbers.) 
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Fig 1 



Plan of the Eed-Ash Colliery, W Va The bodies of those killed by this ex- 
plosion were found at tlie points designated by numbers, as follows 1, five bodies , 
2, three, 3, one , 4, one, 5, one , 6, one, 7, one , 8, one , 9, one, 10, one , 11, 
five men and one boy , 12, one , 13, two men, 14, one ; 15, six men and one boy , 
16, one boy , 17, one boy, 18, six men , 19, one , 20, one , 21, one , 22, one , 23, one 

The main entry has been driven north about 4000 ft from 
the surface, with parallel entries on either side ftom the fourth 
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set of cross-entries, and about 70 ft. of ehaiii-pillar between tlie 
parallels. Except where interrupted by a squeeze — marked 

Fault on the plan, Fig 1 — cross-entries have been driven 
east and west at intervals of 400 ft., with parallel air-ways, con- 
stituting a complete double-entry system, remarkably regular 
and uniform, aside from the squeeze referred to. About 75 ft. 
west of the entrance, an exhaust-fan, built by Messrs. Thayer, 
of Charleston, W. Ya., is located in the mouth of the parallel 
air-way on the left or west side of the main entry, which par- 
allel is broken by the squeeze, but connected at the fourth set 
of cross-entries, through workings to the westward, giving 
about the same effect as if the air-way had been continuous. I 
did not measure the efficiency of this fan; hut the mine-work- 
ings have been planned for an excellent system of ventilation, 
which should he ample for every requirement, with any stand- 
ard centrifugal machine proportioned to the work. The fan is 
driven by compressed air, which is frequently used for such 
purposes, and I understand that several others of the same 
model and make are employed in the district, giving satisfac- 
tory results. ITuder the plan of ventilation, the main entry is 
the intake, with an average cross-section of about 6 by 12 ft., 
or 72 sq. ft. of area, which is more than enough for the safe 
working-requirements of the mine. The current is directed to 
the head of the intake, where it is split, and conducted across 
the face of the workings to the east and west, through a system 
of trap doors, brattices and stoppings ; that on the east return- 
ing through an overcast at the fourth cross-entry. With the 
double entries and break-throughs from room to room, as shown 
on the plan, there is no reason why the circulation should not 
have been as nearly perfect as any artificial system of ventila- 
tion can he made, as the entries and air-ways are unusually 
straight, with ample cross-sectional areas to reduce friction and 
resistance to a minimum. I feel safe in saying, therefore, that 
if there was lack of circulation at the time of the explosion, it 
cannot be attributed to any defect in the system or the general 
plan of the mine-workings. 

Extent and Effect of the Explosion. 

The main entry showed no evidence of unusual heat or flame, 
beyond what might be expected along the intake, from an ig- 
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nition of gases in some other part of the mine , the heated air 
and flame being necessarily thrown toward this entry, as offer- 
ing the line of least resistance to daylight. Beyond the ninth 
cross-entries, the force had been exerted toward the face or in- 
ward, and from these entries, outward, everything had been 
swept toward the entrance like shot from the barrel of a gun — 
to which this entry maybe likened, the exjianded air and gases 
in the extensive workings representing those of the enlarged 
powder-chamber of the gun From the 5th cross-entry there 
were three escapes for the pressure they produced, the main 
entry being the shortest, and the only straight one. A second 
was the parallel air-way on the west (left) which turned squarely 
to the west at the 4th entry, and had to pass through the 
“ squeeze ” by a devious route, before reaching daylight at the 
fan, which also operated to obstruct this outlet. The third way 
was down the west 5th entry to the Rush Run workings. 
Between these and the Red-Ash there was a brattice, or stop- 
ping, which was blown out, and in addition to which there 
must necessarily have been, in that direction, other resistance 
due to old workings 

The walls and roof of the main entry were covered with white 
dust from the floor, showing that the clay in the tracks and 
road-beds had been swept out through this channel with con- 
siderable force. At the 4th cross-entry the overcast timbers 
were blown straight down, showing that the contracted area 
of the stone drift through the squeeze had dammed back 
the force and equalized the pressure from the east work- 
ings, the return from which was through the overcast at this 
point. 

The 4th cross-entry east shows the effect of heat, as if it 
had been filled with flame, the ribs and roof being covered 
with coked dust. The indications here also point to the con- 
clusion that the forces were dammed back by the stone drift, 
which probably gave the flame more time for action. At the 
5th, 6th, 7th and 8th cross-entries the doors on the west were 
blown in, and down the main entry, toward daylight ; while 
those on the opposite side were thrown eastward, toward the 
faces of the workings. The door of the 8th west entry was 
found several hundred feet down the main entry, toward l^o 7, 
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and tte six men found at point 18 on the plan, as well as the cars 
wrecked there, evidenced a violent force from the west, corning 
down this 8th cross-entry. On the main entry at Jfo 2 west, five 
bodies were found badly mangled and burned A.s this point is 
near the beginning of the stone drift, the force and heat were 
probably concentrated by the contracted area inside, but had 
room to expand through the old workings toward the outcrop, 
before reaching the entrance. At points 2, 6, 6, 7, 8, 9 and 10, 
at and near the intersection of the 5th cross-entries with the 
main, the bodies of nine men were found Two were found 
at points 3 and 4 on the 11th room of Ko 6 east, and on the 
same entry west, six were found at 11, one at 12, two at 13, 
and one at 14 The body of a boy was found in the west air- 
way, between cross-entries 4 and 5. It is possible that he was 
blow’ll there from Ifo. 5 No. 6 east showed heat and coked 
dust due to flame, but little effect of the explosive force, which 
appears to have been directed up the entry, from the main, to 
the 8fch or 9tli room. Enormous forces were exerted down the 
19tli and 20th rooms, coming from the direction of Ko. 4, with 
which they were connected by break-tliroughs. The tracks 
and everything movable, including a Harrison mining-machine, 
were throwm out of these rooms against the rib of Ko 5 entry, 
where the force seems to have been divided, one part being di- 
rected toward the face of the entry, the other toward the main 
entry. There are only two ways of accounting for this curious 
reversal of forces One is, by supposing that a local pocket of 
gas was fired, and followed the line of least resistance, which 
must have been toward Ho. 5, ]ios8ibly on account of the stone 
drift ; and the other is the assumption of a secondary or later 
explosion, due to either a pocket of fire-damp, or of carbon 
monoxide, known as “ white-damp ” by miners, which might 
have been produced by reduction of the carbon dioxide, or 
“ black-damp,’’ passing over the red-hot earboii, of the presence 
of which there is ample evidence in both the 4th and the 5th 
entries. A molecule of carbon dioxide (COg), in passing over 
red-hot carbon (in this case, coke) takes up another atom of 
carbon in chemical combination, making two molecules of 
carbon monoxide (200), which is a combustible (and when 
mixed with air before ignition, an explosive) gas, being the 
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principal constituent of the furnace-gases used for heating the 
blast and boilers at all modern iron blast-furnaces The latter 
alternative strikes me as the more reasonable, as the partial 
vacuum, created by the first explosion, would have directed the 
line of least resistance from these rooms inward, or toward 
5, a fact bard to account for without such a partial vacuum 
As a further evidence that there was little resistance from 
within, this force seems to have been expended to the east, be- 
fore reaching the face of the entry, near which a ear was found 
standing on the track, with a sheet of white paper stuck in the 
side, neither of which had been disturbed; consequently the 
direction of least resistance must have been westward and 
inward. 

Entries 6 and 7 east, as already observed, had their doors 
blown eastward, showing that the force originated in or beyond 
the main entry, and not in these east workings, in which there 
18 little evidence of violent disturbance, though coked dust on 
the walls and roof shows flame and heat. bfo. 8 east was little 
disturbed by heat or force, especially near the faces of the 
workings, and I am confident that the explosion did not 
originate in these or any other workings east of the main 
entry. 

The body of a man was found on 17o 8 east at point 19, 
in the mouth of the fifth room, to reach which he must 
have passed within sight and hearing of the fire-boss, who was 
found at 20, only about 100 feet distant, on the same entry, at 
the 7th room, and 5th break-through. It is evident that the 
latter had found gas in the face of this entry, as he had raised 
the end of the air-pipe and turned on the air, to drive it out; 
but it is reasonable to assume that he did not regard it as dan- 
gerous, or he would not have permitted the presence of the 
three men found so near, one at 19, one at 21, and one at 22, 
all of whom he probably saw or heard enter I was informed 
that none of these four men were burnt or disfigured, and from 
descriptions of their position and condition, I infer that they 
must have been killed by the after-damp resulting from the 
explosion 

On the air-way between points 21 and 22 a powder-keg was 
found, sitting in a tool-box, which looked as if it might have 
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been opened out by an explosion of the powder, bnt a careful 
examination convinced me that this theory was untenable Ma- 
chine-runners and trimmers usually open old powder-kegs in 
this manner for use in shielding their lights from the coal- 
chippings thrown out by the machine , and I am convinced 
that this keg had been prepared for that purpose and put 
in the box for safe keeping Had the gas-explosioii origi- 
nated from powder in this keg, the effects along the main 
entry from its intersection, to the squeeze, would have been 
reversed. 

The faces of the main, parallel, and cross-entries Ho. 9 all 
show the effects of considerable force, coming up the west 
parallel fi’om Ho. 8, and the intersection of this parallel with 
Ho. 9 west is indicated as the point at which the greatest force 
of the explosion was exerted within the mine. On entry Ho. 
8 west, near the mouth of the second room shown in Tig. 1, 
the waves of force were jprojected in every direction , the track 
and timbers having been thrown east and west on the entry, 
and north and south through the rooms and air-ways. As no 
other point in the mine exhibited like conditions, it is reason- 
able to assume this as the origin of the explosion ; and, in my 
opinion, the gas was first lighted at or near this point. Every- 
thing was swept through this room to Ho. 7 entry with great 
violence ; the indications being that the forces directed south 
through this room, east to the main entry, and north up the 
parallel air-way, were about equal, while that along the entry to 
the west was breeched by the faces of the workings, distant only 
a few hundred feet in that direction. All indications in the west 
workings point to the movements of the forces from that point 
to daylight along the lines of least resistance, through rooms, 
air-ways, and main entry, and along Ho 5 west, in hotli direc- 
tions, eastward to the main entry, and westward to the Hush 
Run mine. At point 16, on Ho. 7 west, a hoy was found in 
line of the room already referred to, leading from Ho. 8, and 
I saw a pool of blood and hrams where his head had rested. 
Hear by, at 18, another hoy was found. The workings being 
extensive, there were large areas to receive the expanded 
gases , and a considerable portion of the forces had evidently 
been thus dissipated by the time they reached Ho 5 cross- 
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entry, otlierwise, the fan would probably have been demol- 
ished. 

Cause and Orkjin 

The primary cause of the explosion was evidently ■fire-damp, 
a carburetted hydrogen gas, the principal constituent of 
which is CH ^5 or marsh-gas. We know that a mechanical mix- 
ture of more than one part of this gas to 14 of atmospheric air 
is explosive — the most explosive proportion being about 1 9.5. 
With more than 15 or less than 5 parts of air to one of gas, the 
mixture is not explosive, but by reason of the diffusion of 
gases, this mixture must always be found variable where there 
IS any ventilation or circulation of air. As all coal will give 
off at least its own volume of gas (and some coal much more), 
its presence is easily accounted for, and would be detected in 
all coal-mines, but for its tendency to escape through every 
crack and crevice toward higher outlets, owing to its density 
being less than that of air. Taking the density of air as unity, 
that of methane, or marsh-gas, is 0.559, or a little more than 
one-half as great If snfiS.cient time is allowed, air and fire- 
damp will make a complete mechanical mixture, according to 
the law of diffusion of gases ; hut the latter is usually found at 
the top in mine-workings, owing to lack of time for complete 
diffusion, before the gas is removed by natural or artificial ven- 
tilation, In coal-mines above water-level, where the covering 
can crack, or break, fire-damp is rarely noticed in workings 
within less than a mile of the escarpment, or outcrop. Within 
this limit it is carried off* by the usual methods of ventilation, 
assisted by the movement of cars, the upward escape hy levity, 
through crevices, etc., hut below water-level, or where the 
lines of escarpment embrace larger areas, with a heavy, un- 
yielding cover, gas may usually be expected to give more or less 
trouble 

At Bed Ash there is no escarpment northward or westward, 
in the direction of the workings, for many miles, and the over- 
lying rocks are too massive to break, ,in consequence of which 
gas had been found within 4000 ft. of the entrance, and was 
probably given off freely in all the workings inside, and in- 
cluding the 8th cross-entry. During a period when the fan 
was idle, on Monday night, there must have been in these 
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workings au aecamiilation of gas and a mixture of it with air, 
which by the operation of the fan on Tuesday morning was 
started back in the return air-course, where it was met by a 
naked light on the 8th west entry near the mam return air-way. 
About sufficient time (30 minutes) had elapsed, since the start- 
ing of tbe fan, for the air to travel down the intake, 4000 ft. of 
the main entry, and back on the return to the point indicated 
— ^the total travel being about 4500 ft , which would make the 
velocity about 150 ft. per minute, and (taking the section of 
main entry at 72 sq. ft.) would he equivalent to a volume of 
nearly 10,800 cubic ft. per minute, — ^probably as much, or more 
than as much, as the fan was doing on the start. 

The theoretical requirements for ventilation given by Andre, 
in his “ Practical Treatise on Coal Mining,” a standard au- 
thority for the world, are 24 cub ft. of air per minute for 
each man and light, 72 for each horse, 192 for each pound 
of powder burned, 100 for each cub. ft. of coal mined, and 1 
cub. ft. per minute for each square yard of coal-surface in the 
mine. 

Assuming that 160 men were employed underground m the 
Eed-Ash colliery, with 15 horses or mules; that 12 lbs. of 
powder were burned per hour, and 18 cub. ft. of coal were 
mined per minute (or 400 tons in 10 hours); and that 1000 
square yards of coal-surface was exposed, a simple calculation 
will show that 10,000 cub. ft. of air per minute would be re- 
quired to satisfy Andre’s requirements. But tins would leave 
no factor of safety, whereas such a factor, of 2 to 6, — according 
to actual tests of the amount of gas produced in the mine, — 
should be allowed. 

Prom the effects observed, I think the dust bad little or no 
influence on the primary cause, though it must necessarily play 
an important part in all explosions, when the gas is once ignited, 
by adding to the forces evolved My impression is that the hoy 
found on Eo. 7 west, at 16, met the gas with a naked light in 
hfo. 8 west, on its return to the fan, and was blown down the 
room to the point were his remams were found. It is possible 
that one of the men found at 18 on the main entry may have 
lighted the gas in the return west air-way at or near its inter- 
section with Ho 8 cross-entry, in which event the force ex- 
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erted at that point was sufficient to have blown him to where 
these bodies were found. From all the evidence, however, I 
am inclined to the opinion that the gas was lighted by the boy 
found at 16, as he was in a straight and direct line from the 
evident point of ignition, indicated by circles of force, like the 
ripples from a stone thrown into a pond of still water ; and at 
every other point in the mine the forces can be traced to this 
origin as the center from which the waves emanated I was 
satisfied, from all I could see and hear, that the general plan 
and conduct of this mine were fully up to the standard of the 
liTew River district, and above the average in many respects. 
The presence of gas in dangerous quantities, however, was not 
fully realized, consequently some of the expense and precau- 
tions for a highly gaseous mine were omitted. Ror could the 
precautions necessary for such conditions have been instituted, 
in my opinion, without a loss at the prevailing market prices, 
as the additional costs would necessarily have exceeded the 
profits. 

Both the operators and operatives of this district are unaccus- 
tomed to gaseous mines, and both must be educated to the re- 
quirements. The operator may comply strictly with every re- 
quirement, regardless of cost ; yet the ignorance or carelessness 
of a single operative may bring about disaster without warn- 
ing, and none may live to tell the tale. Many such cases are 
on record, and nothing but time, strict attention, and experi- 
ence, will provide an adequate remedy. 

As already observed, I did not measure the volume of air 
handled by the fan during my visit Under the conditions as 
I understand them, however, the capacity of the fan would have 
had little effect upon the result, as it was not running more 
than thirty minutes before the explosion The larger the ca- 
pacity of the fan, the sooner the gases would have been drawn 
out and the mine rendered safe ; but the danger existed as long 
as they remained in the return, where they were liable to ig- 
nition anywhere between the fan and the working-faces where 
they had been generated or accumulated. 
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The Electromotive Force of Metals in Cyanide Solutions. 

BY S B, CHRISTYj PEOPESSOR OF 3IINING AND METALLURGY, UNIVERSITY OF 
CALIFORNIA. 

(California Meeting, September, 1899 ) 

The practice of the cyanide-process of gold-extraction has 
brought to light many important contradictions of familiar 
chemical analogies, which still obscure both the theory and the 
practice of the art with distinctions subtler and more difficult to 
make or follow than those which delighted the heart of the 
old-time metaphysician. Tet hTature herself has drawn these 
distinctions ; and if we hope to succeed in this modern search 
for the Golden Fleece, we must be able to follow her through 
the winding labyrinth. 

There are so many phases of this question that I shall attempt 
to touch on only one of them at this time, but it is one that lies 
at the root of many others 

In reviewing my paper on “ The Solution and Precipitation 
of Cyanide of Goldj^’^** Mr. E B. Wilson contendsf that “ in the 
solution of gold by means of alkaline cyanides the various 
reactions are determined, as to their order and intensity, by the 
relative position of the elements concerned in the electro-chem- 
ical series, or series of voltaic tension ” 

In a modified form this statement is probably true. That is 
to say, the difference of electrical potential in any closed elec- 
trical circuit determines the nature of the reactions which en- 
sue. But the matter is not so simple as Mr. Wilson assumes. Re- 
cent investigations show that the order of the metals in the 
electro-chemical series depends not only on the nature of the ele- 
ments themselves, but also on the chemical composition of the 
solution in which they are placed , its degree of concentration ; 
its temperature ; and, in the case of gases, on the pressure 

Unless all these conditions are taken into account, inferences 
drawn from the electro-chemical series are likely to prove more 


* Trans , xxyi , 735 
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misleading than useful. The series, as quoted by Mr. Wilson 
from Gore, is as follows 


3 Potassium 

28 Antimony 

4 Sodium 

29 Tellurium 

8 Calcium 

31 Gold 

9 Magnesium 

37 Carbon 

12 Manganese 

39. Nitrogen 

13. Zinc 

40 Aisenic 

16 Iron. 

43 Sulphur 

20 Lead 

45 Biomine 

24 Copper 

46 Chlonne 

25 Hydrogen 

47. Oxygen 

27 Silver 



This series correctly shows the difierence of potential in many 
solvents, especially in acid solutions, but the use of it for pre- 
dicting the action of cyanide solutions involves several grave 
errors, one of which is the assumption that the nature of the 
solution in which substances are placed is without effect on the 
order of the series. 

The remarkable effect of solutions of cyanide of potassium 
upon the relative positions of substances in the electro-chemical 
series was first shown by Prof. Jacoby, who, on August 21, 
1844, called the attention of the St. Petersburg Academy of 
Sciences to the fact that when silver and cyanide of potassium 
solution replace the zinc and sulphuric acid in the Daniell cell, 
a strong current ensues and copper is precipitated. Ordinarily, 
and according to the usual inference from the above series, cop- 
per precipitates silver from its solutions , but here was a com- 
bination in which silver precipitated copper. 

In the following year, Poggendorff* announced* that by his 
(now well-known) “ compensation-method,” he had found the 
electro-chemical series in 1 part of KOy to 8 parts water — 
in a 12 5 per cent, solution of KCy, to be • 


1. Zinc amalgamated 

2 Zmc 

3 Copper 

4 Cadmium 

5 Tin 

6. Silver 

7 Nickel 

8 Antimony 


9 Lead 
10 Quicksilver 
11. Palladium 

12 Bismuth 

13 Iron 

14 Platinum 
15. Cast Iron 

16 Carbon {KoUe) 


+ Anmlm, Bd. 66, s 597, 1845 
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Gore also* investigated this subject with similar results , only 
he showed that the order depends on concentration and temper- 
ature; and that, according to these conditions, gold may be 
more or less electro-positive than silver. 

The variations thus discovered in the relative position of the 
metals in the electro-chemical senes at once cast a cloud on its 
usefulness for predicting chemical reactions , and though a great 
mass of experimental data was accumulated, and the most acute 
minds of the century were brought to bear on the problem, no 
explanation of these anomalies was found for many years. 

It IS only within the last decade that anything like a clue to 
the mystery has been detected, and this result has been made 
possible only through the combined efforts of a number of men 
who approached the subject from what may be almost termed 
its purely speculative side, without any thought of practical ap- 
plications 

Now that something tangible seems to be resulting from 
these efforts, I have thought that a brief outline of the rapid 
progress made in the electro-chemical theory during the last 
decade might be of service to those who have been too much 
occupied with practical details to follow theoretical investiga- 
tions for themselves. Such an outhne will also render more 
clear the bearing of the experimental work which follows. 

I — Outline oe the Development of the Modern Electro- 
chemical Theory 

Analytical Research . — ^In the development of this subject, the 
efforts of investigation in the hne of pure mathematics have 
been combined with the experimental methods of the chemist 
and the physicist with the happiest results. 

Chief among the mathematicians in this particular field is 
Prof. J. Willard Gibbs, of Tale TJniversity, whose work is too 
little known and appreciated hy his countrymen, or even by 
his own colleagues His essays, published in the Transactions 
of the Connecticut Academy of Science, being purely mathe- 
matical, attracted hut little attention in this country, hut, hemg 
translated into German by Prof. Ostwald, were introduced to a 
public capable of appreciating them. He is now recognized in 
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Europe as having anticipated many important discoveries with 
which Helmholtz had been credited His predictions concern- 
ing the laws governing matter and energy have been verified 
as far as they have been tested, and are even yet far ahead of 
experimental verification. It is impossible to give here an 
adequate account of the work of this great man, but he will 
always be recognized as a leader in the application of mathe- 
matical analysis to the most profound physical and chemical 
problems 

The “ Ions. ” — While Gibbs and Helmholtz were busy with 
the mathematical side of the question, Haniell, Kohlrausch, 
Hittorf and many others were busy in following the experimental 
lines opened up by Earaday. Faraday had always assumed 
that the electric current was transported through a solution by 
discrete particles of matter, each bearing its own electric 
charge To these moving particles of matter he gave the name 
of “ ions.” Those which move in the solution in the same di- 
rection as the positive electricity he called “cathions,” and 
those which move in the opposite direction, “ anions.” The 
electrodes he distinguished as the “ cathode,” to which the 
eathions move, and the “ anode,” to which the amons move. 
These distinctions have proved of the greatest service ; their 
value and meaning have been made yet more clear by the work 
of Daniell, and most of all by the classic experimental researches 
of Hittorf. The latter showed beyond question that the pas- 
sage of the current was accompanied by an actual transfer of 
the eathions and anions through the solution in opposite direc- 
tions. He and those who followed him were able to determine 
that these ions were sometimes simple elements, like sodium, 
potassium, silver, copper, etc , and at other times compound 
molecules like SO3, EH^, EO3, etc. Thus, while common salt 
would have for its cathion sodium, and for its anion chlorine, 
sodium nitrate would have for its cathion sodium, and for its 
anion EO3. He proved these propositions by ingenious exper- 
imental methods which are still admired for their simplicity and 
certainty. 

Hittorf showed also that, in the ease of potassium argento- 
cyanide, the principal cathion was not silver, but potassium, 
which alone traveled in the direction of the positive current. 
The silver traveled in the opposite direction, with the cyanogen 
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and the negative electricity, and formed the anion (AgCyJ. He 
explained the redaction of the silver which takes place at the 
cathode by proving that all (but a trace) is due to the second- 
ary reaction which ensues when the potassium ion is deposited 
at the cathode and displaces an equivalent of silver from the 
silver cyanide there adjacent. 

This experiment is so important that it will be considered 
more extensively below. It is sufficient in this place to say that 
he proved that, while an equivalent of silver was deposited at 
the cathode, the adjacent solution was robbed of that equiva- 
lent, and at the same time there was found an extra equivalent 
of potassium in the form of caustic potash, while about the 
anode there was an increase of one equivalent of silver and two 
equivalents of cyanogen. The conclusion is irresistible that the 
principle ions are, cathion (K), anion (AgCy^). He proved also 
that the ions migrate with different, moderate and easily meas- 
ured velocities. 

Molecular Conduetivity. — Meanwhile Kohlrausch, Ostwald and 
others were making a tedious and apparently useless investiga- 
tion on the electrical conductivity of solutions of increasing di- 
lution. The speciffc conductivity of dilute solutions is usually 
much smaller than that of more concentrated ones , but when 
the comparison was made on the basis, not of speciic, hut of 
molecular conductivity, a new and important law was discov- 
ered. 

For the purpose of comparing the molecular conductivities 
of solutions, a unit known as the “ gramme-molecule was em- 
ployed. A given volume v of solution is said to contain a 
“ gramme-molecule ” of a given substance whenever it contains 
a number of grammes of the substance equal to its molecular 
weight. Thus a “gramme-molecule” of potassium cyanide 
would be 65 grammes supposed to be dissolved in v liters of 
water. 'Wlien v is one liter we should have a solution of one 
“ gramme-raolecnle ” per liter In this case, for univalent sub- 
stances, the “ gramme-molecule per liter ” is of course identical 
with one “ equivalent” or a “normal solution,” 

How, when we compare the total conducting power of a 
gramme-molecule of all electrolytes, we find that, as the volume 
V increases, and the solution becomes more dilute, the total, or 
molecular, conductivity of the whole volume of solution in- 
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creases instead of dlmimsliing with dilution, as the specific 
conductivity does This increase is at first quite rapid , then 
the conductivity becomes nearly constant and increases only 
very slightly, to reach its maximum value for v = infinity. 

Kohlrausch proved by a comparative study of these results 
that the total conductivity of a dilute solution is due to the ve- 
locity of the ions, and also that it is made up of the sum of the 
velocities of the cathions and anions moving in opposite direc- 
tions. 

Osmotic Pressure . — Meantime progress was being made in an 
apparently totally different field. Pfeffer, professor of botany 
at the University of Leipzig, made an extensive study of the 
osmotic transfer of solutions through the walls of planficells, 
and devised in 1878 a method by which it was shown that os- 
motic action was capable of producing certain definite press- 
ures. His method consisted in using a “ semi-pervious mem- 
brane ” through which the solvent, but not the solid in solu- 
tion, can pass. When, for instance, a glass tube, closed at the 
bottom with a plug of porous earthenware coated with the semi- 
pervious membrane of ferrocyanide of copper, is filled with a 
strong solution of sugar and the lower end is placed in distilled 
water, the latter, being able to pass through the pores of the 
filter, does so ; while the sugar particles, being unable to pass 
out, remain in the tube, and hence the solution column actually 
rises in the tube. Pfefifer showed that the pressure, as meas- 
ured by the height of the column, was proportional to the 
amount of sugar in the solution and increased with the temper- 
ature. 

The Gas-Law and Osmotic Pressure . — ^These phenomena had 
long been supposed to be due to an attraction of the sugar for 
water ; but the fact that the osmotic pressure was proportional 
to the sugar-content, and increased with the temperature, sug- 
gested to Prof. YanT Hoflf, the brilliant Hollander, that the 
dissolved substance acted just as a gas would do. 

His reasoning was something like this A dissolved sub- 
stance exerts an osmotic pressure against the bounding surface 
of the liquid, just as a gas does against the walls of the vessel 
that contains it. But the surface of the liquid presses inwards 
with a pressure of above a thousand atmospheres (the Bmnen- 
druck of the Germans, which prevents the liquid from evapora- 



870 


THE ILECTROMOTIVB FORCE OF METALS. 


ting instantaneously into space). This surface-tGHBion of tlie 
liquid resists the comparatively slight osmotic pressure, and or- 
dinarily the latter produces no noticeable effect. 

But when a semi-pervious membrane, through which water 
may pass, hut which will filter out the sugar molecules, is in- 
terposed between the sugar solution and the clear water, the 
pressure of sugar molecules against the semi-pervious mem- 
hraiie and the upper surface of the solution raises the latter just 
as it would a piston ; and as the sugar is unable to exert any 
pressure on the surface of the water on the other side of the 
semi-pervious membrane, the clear water freely enters the tube 
through the membrane as fast as the upper surface rises. 

Of course, according to the gas-law, the osmotic pressure 
should increase with the concentration Hence Vanh Hoff 
applied the gas-law, pv = RT, in which p represents the pres- 
sure, V the volume containing a gramme-molecule ; T, the abso- 
lute temperature , and R, the “ gas-constant.” When this 
formula was applied to Pfeffer’s results an almost perfect agree- 
ment was discovered, and the same result was obtained with 
numerous other solutions of organic substances. But when it 
was applied to inorganic salts, or electrolytes, it was found that 
the osmotic pressure was greater than that indicated by the 
molecular concentration. Yan’tHoff* expressed this fact by the 
formula, ^v==zRT, in which ^ is a eoefficient greater than 
unity. 

Here was an apparent anomaly ; the osmotic pressure was 
apparently greater than that due to the number of molecules, 
that is, greater than the gas-law would indicate. Progress 
seemed to he stopped by a stone wall But it was not delayed 
long. 

Dissociation. — ^Arrhenius, the masterly Swedish physicist, 
suggested a new idea. Perhaps the gas-law still holds, only the 
number of molecules has been increased by the dissociation of 
some of the dissolved substance. If a part of the molecules 
were supposed to be split, so as to double their number, the 
total number of molecules present would be increased and the 
gas-law might still hold. It was soon shown by Arrhenius that 
there was a close relation between the size of the coefficient i 
and the “ chemical activity ” of the substance. For instance, 
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in the ease of the inorganic acids, this coefficient was particu- 
larly large in those chemically most active, like hydrochloric 
and nitric acids. Assuming that in these cases the dissociation 
was most complete, he made another brilliant generalization. 
He distinguished between “ chemically active ” and “ inactive ” 
molecules, and claimed that the dissociated molecules were the 
only “ chemically active ” ones This distinction has proved 
to be sound. 

The next step was to show that the increase of molecular con- 
ductivity of dilute solutions was due to this same dissociation, 
and that the dissociated molecules alone took part in the trans- 
fer of the electrical current Arrhenius concluded that the dis- 
sociated molecules formed the “ions” which Faraday had 
shown to be instrumental in conveying the current ; that each 
dissociation produced a cathion which carried the positive elec- 
trical current, and an anion which carried the negative current 
in the opposite direction; that these alone were active in the 
electrical transfer ; that when a substance was entirely undis- 
sociated it would be a non-conductor, and that its conducting 
power was directly proportional to the number of ions present 

This view was strongly contested at first. It was argued, in 
opposition, that such strongly combined substances as, for in- 
stance, potassium chloride, could not possibly split up in solu- 
tion, even in part, into potassium and chlorine ions — that the 
potassium would decompose the water But the reply was 
“ What if it did ? The only effect would be to produce HCl 
and KHO ; these would again dissociate into H and Cl and K 
and HO ; and the potassium and chlorine ions would still exist 
as before.” It was also suggested by Prof Ostwald, of the Uni- 
versity of Leipzig, that the ions were an allotropic modification, 
different from the ordinary elements, in that to the cathion was 
attached a positive charge, and to the anion an equal negative 
charge, of electricity ; and that when these electrical charges 
were given up at the electrodes, the ions changed into the ordi- 
nary elemental form 

Ostwald was the first to defend these new views, and the po- 
sition now held by the theory is largely due to his remarkable 
genius for outlining, executing and interpreting experimental 
work. Together with his students, inspired by his example, he 
has accomplished a great work in clearing up many difficult 
points as fast as they were raised. 
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Eig, 1 illustrates an ingenious experiment devised by Ostwald 
to sbow the bearing of the new theory Two vessels, A and 
B, filled with a solution of KOI, are connected electrically hy 
the column of solution contained in the siphon C. If the 
theory be correct, a large insulated conductor D, charged with 
negative electricity, and brought near the vessel A, will act by 
induction on the ions contained in A and B. The electrically 
positive, potassium cathions, will migrate through 0 and col- 
lect in A, being attracted by the negative charge on D. At 
the same time the electrically negative chlorine anions, repelled 
by the negative charge on D, will accumulate in B. 

On removing C, so that A and B are disconnected electrically, 
and then removing B, the vessel A will contain an excess of posi- 



tively electrified potassium ions, and the vessel B an excess of 
negatively electrified chlorine ions So long as the vessels are 
not connected with each other or the earth, they will induc- 
tively remain in equilibrium and there will be no reaction be- 
tween them. But according to the theory, if their contents be 
connected by a platinum wire, the potassium ions will give up 
their positive charge on the end immersed in A (hydrogen be- 
ing set free by the reaction of the potassium on the water as 
soon as the ions have given up their electric charge), and the 
chlorine ions will give up their negative charge on the end im- 
mersed in B (ordinary gaseous chlorine hemg similarly set free 
on that end of the wire). 

The above experiment is difficult of actual execution on ac- 
count of the enormous amount of electricity (96,640 coulombs) 
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required by each gramme-molecHle , but in a modified form 
of it, using a capillary mercurial cathode, Ostwald and ISTernst 
were able to demonstrate the correctness of this view by traces 
of hydrogen, distinctly visible under the microscope. 

Fig. 1 is therefore not so much a record of actual experi- 
mental demonstration as an ideal diagram, serving to explain 
the nature of the conception involved 

Altered Freezing and Boiling Points — Another important con- 
firmation of the ideas of Arrhenius came from an entirely dif- 
ferent quarter It had long been known that the boiling point 
of an aqueous solution was raised and its freezing point lowered 
in proportion to its molecular concentration; and the method had 
even been used to determine molecular weights in cases of 
doubt But here again dilute solutions proved an exception, 
showing variations in excess of what was due, according to the 
rule, to their molecular concentration. But when the behavior 
of dilute solutions was examined in the light of the new theory, 
it was found that the assumption of an increase by dissociation 
in the number of molecules present explained in these cases, 
also, the apparent anomaly. That is to say, when the rise of 
boiling and fall of freezing points of dilute solutions were ex- 
pressed in terms of the total molecular concentration (allowing 
for the increase in number of molecules by dissociation, as de- 
termined by the method of electric conductivity), the observed 
facts accorded with the rule 

Heat of Neutralization . — Another argument in favor of the 
dissociation hypothesis is furnished by the remarkable fact that 
the heat of neutralization of a gramme-molecule of all dilute 
acids is the same. "When strong solutions of acids are neutral- 
ized with strong solutions of the several alkalis, the heat of the 
reaction per gramme-molecule is usually quite different; but 
when dilute solutions are used, the heat of neutralization per 
gramme-molecule is found to be practically the same for all the 
electrolytic salts 

This fact, inexplicable according to the usual views of chem- 
ical affinities, is a natural consequence of the dissociation-theory. 
The heat of combination in all these cases is practically equal to 
that due to the formation of a gramme-molecule of water — ^that 
is, to the combination of the atom of H in the acid with the 
molecule of OH in the alkali. The 0 and OH ions existing in 
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water are lufinitesimal in amount Hence, when two solutions 
containing both in equivalent amounts are brought into con- 
tact, they unite, and the heat produced results from their com- 
bination. Ho heat results from the combination of the acid 
and alkali radical, because they were separated into ions before 
neutralization, and remain in the same state afterwards. 

Hence, as the heat results solely from the reaction H 2 -f- 0 = 
H^O, according to the new theory, it ought to be the same for 
all dilute solutions of acids and alkalies. 

Solution-Pusmre — ^Professor Hernst, now of the University 
of Goettingen, made the next great forward step in explaining 
the anomalies in the electro-chemical series. He investigated 
very carefully the so-called “ concentration-cells ” The concen- 
tration-cell contains two electrodes of the same metal, each im- 
mersed in a solution of the same salt of the metal of its elec- 
trodes ; the only difterence between the solutions being that one 
has a greater molecular concentration than the other. When 
such a cell is arranged like a Haniell cell (except that both 
electrodes are, say, of silver, one immersed in a normal, the 
other in a deci-normal solution of silver nitrate), and the elec- 
trodes are connected, a current of electricity results. From the 
electrode immersed in the dilute nitrate solution an equivalent 
of silver is dissolved, and at the same time on the electrode im- 
mersed in the concentrated solution an equivalent of silver is 
precipitated. The positive current flows from the electrode in 
the weak solution to that in the strong solution 

An electric current is thus produced from two electrodes of 
the same metal immersed in its own salt Evidently, therefore, 
it can no longer he deemed necessary to have two different 
metals, or even the salts of two different metals, in order to 
produce a galvanic couple. But whence comes the electromo- 
tive force in this case ^ 

An attempt to answer this question led Hernst to propose the 
brilliant hypothesis which commonly bears his name and rounds 
out the modern theory of electromotive force. Briefly stated, it 
is that, for a given temperature, each metal has a. certain defi- 
nite “ solution-tension,’’ as he first called it, or “ solution-press- 
ure,” as it has been more aptly named by Ostwald. According 
to Hernst’s idea, every metal immersed in a solution con- 
taining none of its ions possesses, at a given temperature, a cer- 
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tain “ solution-pressure ” with which its particles tend to go 
into solution and assume the ionic state. In doing this, each 
takes from the remaining metal a charge of positive electricity 
which it imparts to the solution. At the same time the re- 
maining metal receives an equal charge of negative electricity. 
This causes the formation of Helmholtz’s “ double layer ” of op- 
positely electrified particles on the surface of the metal, and the 
process goes on until the attraction of the positively electrified 
ions for the negative metal just balances the solution-pressure 
of the metal. By reason of the enormous electrical charges of 
the atoms (96,640 coulombs to the gramme-molcule), it follows 
that only unweighable traces of the metal have to go into solu- 
tion to bring about this equilibrium, which, once assumed, re- 
mains, unless a charge of positive electricity be imparted to the 
negatively electrified metal. When this is done, as happens 
when the circuit of a galvanic battery is closed, the formation 
of ions and the solution of the metal go on continuously. On 
the other hand, when a metal is immersed in a solution already 
charged with its own ions, these at once set up an osmotic 
pressure opposite to the solution-jpressure, and hence, dependent 
on the concentration of the solution, there are three possible 
cases 

1. The osmotic pressure of the ions already in solution may 
be less than the solution-pressure of the metal. Here the case 
is similar to the one described above, but the difierence of press- 
ure will be smaller than when no ions were originally present 
in the solution. 

2 The osmotic pressure of the ions in solution is exactly 
equal to the solution-pressure, and no double layer or difference 
of electrical pressure results between the metal and the solution. 
In this case the metal remains indifferent to the solution. 

3. The osmotic pressure of the i6ns already in solution is 
greater than the solution-pressure of the metal In this case 
the ions in solution tend to precipitate themselves on the sur- 
face of the metal; and at the same time they impart their 
charge of positive electricity to the metal, which becomes posi- 
tively electrified, while the solution which had contained an 
equal number of positive and negative ions becomes negatively 
electrified. This soon produces a new double layer of oppo- 
sitely electrified ions, which brings about an equilibrium, unless 
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a continuous stream of negative electncitj is imparted to the 
positively electrified metal (as by completing the circuit of a 
galvanic battery), when the precipitation of the ions goes on 
continuously The eq^uilibriiim of the double layer is brought 
about (for the same reason as given before) by the precipitation 
of unweighable traces of the ions 

According to this view, the electromotive force of a galvanic 
cell is just as much due to the dijfference of pressure between 
the metals tending to assume the ionic state, and the ions tend- 
ing to assume the metallic state, as the force of a steam or com- 
pressed-air engine is due to the differences between the steam- 
er air-pressures acting on either side of the piston. 

Hence, hTernst applied the laws of thermodynamics, which had 
been already worked out so thoroughly for gases, to this prob- 
lem also, and with the most remarkable results. It is impossible 
to enter here into all the refinements of the subject; but the 
following condensed statement will give an idea of the reason- 
ing involved. 

Starting with the well-known gas-law 

(1) pv = RT 

(p and P being pressures in grammes per square centimeter ; Y 
and V, the corresponding volumes in ccm. to contain one gramme- 
molecule; T, 273 -f ^ degrees Centigrade, and E, the “gas- 
constant’^ = 1.96 calories), we can easily determine the maxi- 
mum amount of work. A, in gramme-ceptimeters, done by a 
perfect gas, expanding at a constant temperature from a volume 
V to a larger volume Y, and at the same time falling from a 
pressure P to a smaller pressure p. We have 

(2) A =j^dp. 

But, from (1), 2 ? = 5^ . hence 

p ’ 

P 

(3) A =ET r dp 
and, integrating this, we have 

(4) A = ET nat. log. — . 

p 
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If we now suppose the gas-law to apply to the diffiision of the 
ions from the electrode into the solution , let P represent the “ so- 
lution-pressure ” and_29 the “ osmotic pressure ’’ of the ions of the 
given metal in solution, and further assume that work is done 
only in falling from the pressure P to the lower osmotic pressure 
jp, and not in changing from a solution-pressure P to an equal 
osmotic pressure P, it follows that equation (4) will apply di- 
rectly to this case also 

But we can also express the maximum work A in electrical 
units. If we assume that to a “ gramme equivalent ” of a uni- 
valent element is given its unit charge of e — 96,540 coulombs 
of electricity, and represent by the Greek letter tt the potential 
difference in volts between the metal and the solution, we may 
also represent the work A done, by the product ^ e. Hence we 
have • 

(6) ite = PT nat. log ? , 


or, changing, for convenience of calculation, from natural to 
common logarithms, we have 


( 6 ) 

( 7 ) 


PT P 

i: e= log — , and hence 

0.4343 ^ p 


- P 

e X 0.4343 ® p 


How P = 1.96 calories, or, in electrical units, P = 1 96 X 4.24 , 
e= 96,540 coulombs, and for ordinary temperatures 17° 
0 or T = 273 + 17 = 290° C Substituting these values, we 
have 


( 8 ) 


1.96X4.24X290 
96,540 X 0.4343 


P "P 

log. — = 0.057 5 log. - volts. 
V P 


For ions that have a valency 7Z> 1, each gramme-molecule will 
require nX e, ox nX 96,540 electrical units, and this must be 
substituted in the formulas (5) to (8) instead of e, when this 
is done we have the general formula 


( 9 ) 


: log.? volts. 

n p 


This formula, of course, is only true for t— 17° 0. 
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I have plotted this curve in Fig. 2. It will serve for any 

p 

metal in which the ratio — is the same. If we study the 
P 

p 

ratios of ~ we see that when P is greater than p, tz always 
P 

has a positive value , that is, the liquid is positively electrified 
by the ions which go into solution, and the remaining mass of 
metal is, in consequence, negatively electrified. As a further 

consequence, whenn=i: 0, _= infinity; hen cel og. and hence 

p jp 

5r, equals infinity. 

This, of course, is interpreted to mean that a metal brought 
into the presence of a solution containing none of its ions would 
have an infinite potential with regard to that solution , but this 
could only last for an infinitesimal period, after which the liquid 
would be impregnated with the ions of the metal. Experiment 
shows that none of the metals give an infinite potential in any 
known solution. It follows, therefore, that traces of the ions 
of all the metals must exist in all solutions, even though they 
may not be recognizable by any other chemical or physical 
test. The same mathematical difficulty exists with regard to 
the conception of a perfect vacuum, and a similar conclusion 
may be drawn, namely, that such a thing as a perfect vacuum 
is physically impossible. 

P P 

■WTien P = _p, then _ = 1, and log. ^ = 0 In this case, the 

potential is 0, and there is no tendency either to dissolve or to 
precipitate the metal. 

P . 

When P is less than p, log. _ is negative, and the solution 
P 

is negatively electrified, owing to the positive ions precipitating 
themselves with their positive charges upon the metal, which 
becomes positively electrified. If p could become infinity, 
P 

log. — would become minus infinity. As a matter of fact, these 


values are never reached, for the simple reason that as p de- 
pends on the number of ions in a unit-volume, it follows that, 
on dilution, p reaches nearly a maximum value for very moder- 
ate dilutions, when dissociation of the liquid is nearly complete , 
and, after that, the value of p is reduced rather than increased 
by further dilution. 
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According to tMs view, the electromotive force of the metals 
in their solutions depends, for a given temperature . 

1. Upon the solution-pressure ” peculiar to each metal. 

2 Upon the number of ions of the given metal present in 
the solution in which it is immersed. 

If the solution-pressure ” peculiar to each metal were 
accurately known, we might write out an absolute electro- 
motive series for the metals. Le Blanc^ proposes, on the 
basis of the work of Ueumann, and on the supposition that the 
osmotic pressure of a totally dissociated normal solution (con- 
taining one gramme-molecule in the dissociated state) is equal 
to 22 atmospheres, a series of this kind, as follows 


Electromotive Senes of Metals in Solution. 
(Value of P at 17° C ) 


Zinc, 

Atmospheres 

18 

. 9 9 X 10 

Lead, 

Atmospheres 

—3 

. 11X10 

Cadmium, 

6 

2 7X10 

Hydiogen, 

— 4 

9 9X10 

Thallium, 

. 7 7 X 10“ 

Copper, 

-20 

4 8X10 

Iron, 

1.2 X 10^ 

Mercury, 

—16 

1 1X10 

Cohalt, 

0 

1 9X10 

Silver, 

—17 

2 3X10 

Nickel, 

0 

1.3X10 

Palladium, 

—36 

1.6X10 


But it is in the varying number of ions present in solution 
that the true explanation of the apparent anomalies in the elec- 
tromotive series was found. According to this theory the posi- 
tion of the metal in the series ought to vary in different solu- 
tions in accordance with the number of ions of the given metal 
that can exist in the given solution 

Complex Ions . — The anomalous position of copper, gold and 
silver in cyanide solutions is here explained for the first time. 
According to this view, there are very few metalhc ions of 
these metals in solutions of their cyanides. For example, the 
double cyanide of gold and potassium (potassium auro-cyanide) 
dissociates, in part, first into a positive ion K (+)t and a nega- 

* Elements of Elect) oeheimstry, p 228 

t The expression ( -|-) means that the ion after which it is written carries a 
positive charge of electricity , the expression ( — ) means that the ion carries a 
negative charge, and (=b) that it is neutral, or not electrified 
von XXX —54 
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( — ) The metallic gold ions, thus existing to an almost in- 
finitesimal extent in cyanide solutions, are the only ones that 
exert an osmotic pressure against the solution-pressure of the 
gold. Hence, in spite of the low solution-pressure of the gold, 
the still lower osmotic pressure of the few gold ions present 
renders the potential of the gold in cyanide solutions remark- 
ably high. Its solubility, also, is thereby explained 

But a high potential difference does not necessarily indicate 
the great solubility of a metal , it may, in fact, indicate the op- 
posite. jFor instance, the electromotive force of silver in 
cyanide of potassium solutions is high ; but in sulphide of po- 
tassium solutions it IS still higher — owing, in this case, to the 
extreme insolubility of the sulphide of silver. This extreme 
insolubility of the sulphide of silver reduces to a minimum the 
number of metallic silver ions that are present in the solution, 
diminishes the osmotic pressure of the ions, and hence in- 
creases the electromotive force 

The explanation of these remarkable exceptions that “ prove 
the rule,” is due to the work of Ostwald, who, more than any 
one else, has filled in the gaps and explained away the difficul- 
ties presented by the new views 

Beyond doubt, the gold, the silver and the copper in the 
cyanide solution are mainly combined with Oyg to form electro- 
negative ions AuOy2( — ), AgCy2 ( — ), and CuGy2( — ). As to 
silver, this conclusion is to be drawn, in fact, from Hittorf s 
early experiments, and, as to gold and copper, from those of 
Ostwald, already described.* These ions have been termed by 
Ostwald “complex ions,” to indicate that they contain the 
metals in a combination in which their ordinary chemical re- 
actions are entirely masked. There are many other such 
combinations the thiosulphites of gold and silver, the ferro- 
cyanides and ferricyanides, the platinochlorides, etc., all fail to 
answer the ordinary tests for the gold, silver, iron, and plati- 
num that they contain. The alkaline sulphhydrates of many 
of the metals are also examples of the same fact 

It is for this reason that all of the ordinary reagents fail to 
precipitate the gold and silver from cyanide solutions. For 


* See Christy, ‘ ‘ The Solution and Precipitation of the Cyanide of Cold,’ ’ Ti ans., 
xxTi , 758 et seq 
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this reason, also, the electric current causes a transfer of the 
electronegative ion from the negative to the positive pole, or 
anode, in the opposite direction to that ordinarily tahen by the 
metals, and only the comparatively few electropositive gold 
ions present in the solution travel towards the cathode or nega- 
tive electrode of the deposition-box. As already shown in my 
paper, just cited, this necessarily retards the electro deposition 
of the gold from cyanide solutions. However, the potassium 
ions, on giving up their electric charge to the cathode, pre- 
cipitate gold from the adjacent solution, and this helps matters 
out. Nevertheless, the travel of the AuOy2( — ) ions to the 
anode considerably retards the precipitation of the gold. 

To illustrate the great difference in the osmotic pressure ex- 
erted hy the complex ions as compared with the ordinary case 
of dissociation, the following examples are cited from the work 
of Ostwald and his pupils 

Ordinary dissociation is represented by the cases of solutions 
of potassium chloride, copper sulphate, silver nitrate, and hy- 
drochloric acid. These are found to he dissociated as follows : 

M 

KOI = K( -+•) -pCl( — ) Practically wholly dissociated at ~ ~ 
CuS 04 =>Cu(-f ) +SO 4 ( — ) Practically wholly dissociated at 

M 

AgjNTOg = Ag(-t-) -fIfOa (— ) Practically wholly dissociated at — ^ 

IVT 

HCl == H(-|-) +C1 ( — ) Practically wholly dissociated at A 

The above characteristic cases show that the degree of dis- 
sociation varies extremely with different salts, but with many 
substances, like silver nitrate and hydrochloric acid, is practi- 
cally complete at very moderate dilutions. 

Let us take in contrast the case of a complex ion, that pro- 
duced, for instance, by the dissociation of potassium argento- 
eyanide. According to an investigation of Morgan,* the dis- 
sociation takes place in three steps. Of these, the first is very 
complete 

KAgCy, (±) = K(+) + AgCy, (-). 

(The latter is the “ complex ion.”) 


Zeitsch. fur Fhys Ghmie, Bd xvii , S 513 
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The second occurs in very small amount • 

•^gGy 2 (— ) = AgCy(±) + Cy(-.) 

The third is in almost infinitesimal traces ; 

AgCy (±) = Ag (+) + Cy(— ). 

M 

In the case of — EA-gCy^, Morgan shows that the first 

—3 

step is almost complete, the second step is 2.76 X 10 M — 5 
per cent, dissociated, and the third step shows of Ag (+)ion8, 

3.66 X 10 M = 3.65 x 108 X 1000 X lo'^^^ 3 94 X 10”^mg. 
per liter, — ^that is, there are only about four millionths of 
a milligramme of silver in the ionic state in a liter of such a 
solution. 

Let us compare this with the dissociation a Agl^fOg 
solution. Morgan finds this to be 86.5 per cent, dissociated, 
hence a liter of such solution will contain 0.865 X 108 X 

20 

3 

— 4.36 X 10 mg. of Ag(4-) ions per liter. 

The ratio of silver ions in the nitrate solution to those in 
the cyanide solution is therefore 


4.36 X 10^ 

3 94Xl0-« = 


, 1 11 X 10®. 


Hence, there are over a billion times as many silver ions in 
M silver nitrate as in silver cyanide. 

This makes clear at once the reason of the great difference 
between the osmotic pressure of the silver ions in the nitrate 
and in the cyanide solution, and consequently the reason why 
the electromotive force of silver is so much greater in the 
cyanide solutions. The case of potassium aurocyanide and 
other complex salts is entirely similar to that of potassium 
argentocyanide It should be further stated that, according 
to this view, ions can only form or disappear in infinitesimal 
traces, sufficient to bring about a static equilibrium, unless 
they appear or disappear in pairs, positive and negative, as they 
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do in the continuous passage of the current through the elec- 
trolytic cell. It IS for this reason that it is necessary to have 
two electrodes to any galvanic cell, one to receive the discharge 
of electricity from the positively electrified cathioiis, and the 
other to receive that from the negatively electrified anions. 
Without both of these, a continuous current is impossible. 

In considering this case of the Daniell cell, for instance : 
If we represent the solution-pressure of the zinc by the os- 
motic pressure of the zmc ions present in the zinc sulphate 
by and the similar values for the copper by P2 and for cop- 
per ions in the copper sulphate by pg, we shall have for the 
electromotive force of the zinc in zinc sulphate 




0.0576 

___ 



and for the copper in copper sulphate, 


^2 


0.0575 

2 


log. 


P2' 


Either of these alone can give, not a continuous current, but 
only a static charge of ions, which prevents farther action ; 
but when they are combined on a closed circuit, as m the 
Daniell or gravity-cell, we have a resulting difierence of poten- 
tial- 


. 0.0575 



On the other hand, in a concentration- cell, with either of 
these metals (copper electrodes, for instance), one in a strong 
and the other in a weak solution of copper sulphate, we should 
have Pj = Pj in the above formula, and the only difference 
would he in the differing concentration of the 10ns and p^ in 
the strong and weak solutions. Making these substitutions in 
the formula, we should have, m this ease 
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In tliis case it is evident that the solution-pressure of the metal 
itself plays no part in ereating the electromotive force of the 
combination. It is entirely clue to the relative number of ions 
present in the strong and weak solutions The solution con- 
taining the smaller number of ions per unit-volume will oppose 
to the solution-pressure of the metal immersed in it the smaller 
resistance, and that metal will dissolve and the other will pre- 
cipitate. 

The above outline gives only in the briefest way a summary 
of some of the hardest thinking and closest reasoning that has 
been done of late in one of the most important departments of 
physical chemistry. It is, perhaps, too much to hope that the 
conclusions reached are all final. But they rest on such a firm 
foundation of experimental work, and explain so much that is 
otherwise inexplicable, that it is certain that they contain a 
large amount of truth. The details will probably he filled in 
quite differently from what we now expect, but the great mass 
seems to be solid gain. The importance of these new views in 
the study of chemical geology and the deposition of ores, in 
every branch of the metallurgical art and in all departments of 
practical chemistry, has hardly begun to be appreciated and 
utilized. It 18 not too much to say that ionic action lies at the 
bottom of all plant- and animal-hfe , and that the new views 
are sure to create a revolution in the study of physiological 
chemistry, biology, pathology and therapeutics. In every de- 
partment of physical science where they have been applied, 
they have acted like a new ferment , this speaks volumes for 
their usefulness and virility.* 

Objections to the New Electrolytic Theory — The above theories 
have not been received without opposition from many chemists 
and physicists of no little weight. Many of the first opponents 
to the theory have been overthrown, and point by point has 


* Those who are interested in following up these ideas toore at length will find 
the subject treated in extemo in Ostwald’s Elektrochemw, %hr& QeschicMe und Lehe, 
Leipzig, 1896 (1150 pp ), his Ghesmsehe Mneigie, Leipzig, 1893 (1090 pp ), and 
Hernst’s Theoretisehe Chemie, Stuttgart, 1893 (580 pp ) An admirable summary 
of these views appears in The Elements 6j Meetiochemisby, translated into English 
by "W B Whitney, from the German of Le Blanc, Macmillan & Co , London 
and New York, 1896 (pp. 282) Since this paper was presented, another excel- 
lent work has appeared Theoiy of Electrolyiio Dissociation, by H C. Jones, Mac- 
millan & Co , 1900, pp 283 



THE ELECTROMOTIVE EOECB OE METALS. 


been won against tbe strongest opposition. But the field is by 
no means clear of weighty objectors The English school, led 
by Pickering with his “hydrate theory,” has opposed most bit- 
terly the new theory of “ dissociation.” Others, such as Cromp- 
ton in England, and Bucherer in Germany, have proposed 
what maybe termed the “ association ” as opposed to the “ disso- 
ciation ” theory The battle still rages. While the issue seems 
certain in the main to be in favor of the new views, there is not 
wanting evidence of the wisdom of a compromise on certain 
minor but important points. 

It will be noticed that the adherents of the dissociation 
theory neglect in toto the effect of the solvent. Formerly, 
chemists fixed their eyes on the mystic power of the solvent to 
clear up any doubtful question The new theorists ignore the 
solvent entirely. It is indeed astonishing what they have been 
able to explain without it, but, like Banquo’s ghost, “ it will 
not down.” They have assumed the solvent to be without 
action in bringing about dissociation and electrolysis. They 
have regarded it simply as of the nature of a vacuum into 
which the ions were free to expand, and everything has been 
supposed to be due to the pressure of the ions, nothing to the 
medium. 

But already there are signs of reaction. It has been noticed 
that not all solvents are capable of changing salts into electro- 
lytes. Some are almost without effect m this respect. In other 
words, not all liquids are capable of becoming vacua into 
which the ions may evaporate. This fact of itself is enough to 
show that the nature of the solvent is not without influence on 
the dissociation. 

It was next noticed that most of the solvents which enable 
electrolysis to take place contain oxygen, and that of these, 
those possess the power most strongly which contain the most 
oxygen. ]!lext, it was suggested that in all probability oxygen 
is quadrivalent rather than bivalent, as usually supposed. The 
fact that carbon, which is never known to be anything but 
quadrivalent, combines with oxygen to form carbon monoxide 
(CO), favors this view. If oxygen be regarded as at least po- 
tentially quadrivalent, an explanation is at once found for the 
well-known variations in the water of crystallization of salts ; 
for Bickering’s remarkable series of “ hydrates and last, hut 
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not least, the idea suggests itself “ May not the ions be, not 
merely a dissociation of the dissolved salt, hut an association of 
the dissociated ions with one or more water molecules ?” 

It was first supposed that all solvents capable of forming elec- 
trolytes contained oxygen. This was disproved by the dis- 
covery cited by Ostwald, that liquefied ammonia CNT ITJ , a non- 
conductor, becomes a conductor when salts are dissolved in it. 
This was cited to prove that the ionizing force was not due to 
the presence of oxygen. But it waspomted out by Bruehl,* that, 
like oxygen, the nitrogen in ISTHg has two unsatisfied valencies, 
which are thus capable of acting like it in producing ionization. 
He predicts that anhydrous HOhT when liquefied, as well as PCh 
and AsClg, will be likely to have similar efiects for similar rea- 
sons. ISTernstf has also called attention to the singular propor- 
tionality between the dissociating power of solvents and their 
dielectric constant The latter are as follows for certain sol- 
vents 

Dieleeinc Constants (Hernst). 


Gases, 

Hydrocarbons, 

CS 2 , 

Ether, 

Esters, 

Acetic Acid, 

Alcohol, 

Water, 


1 00 
1 7 to 2 6 
2 6 
41 
6 9 
9.7 
26 0 
80 00 


This series might almost serve as showing the relative disso- 
ciating-power of these substances 

Thwing:}: had also called attention to the remarkable differ- 
ence of the dielectric constants between wmter and ice, that of 
water at 0° C being 79.46, and that of ice at — 2° C being 
8.36 only He also gives 10.30 as the constant for liquid acetic 
acid, and 2 79 for solid. In all these cases, the dissociating 
power increased with the dielectric constant. This points to 
relations worth following to a conclusion. 

It does seem, then, as if the adherents of the dissociation 
theory had ignored too much the effect of the solvent, and as if 
the final theory must be enlarged to include it 'Why should 


* / Fhys Gh , xxvii., 319, (1898) i Z f Phys Oh , xiv , 622 (1894) 

t Z f Phys Oh , XIV , 286 (1894) 
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the action of the solvent he ignored ? Its chemical action, it is 
true, IS often slight, hut when we take into account the effect 
(m dilute solutions) of its relatively great mass, does not this 
explain why dilute solutions are more dissociated than strong 
ones ? Ill the latter, the cohesion of the solid still maintains, 
even in solution, a certain effect; hut as the mass of the salt 
diminishes, and that of the solvent increases, the latter makes 
up hy its mass what it lacks in intensity. 

If the solvent is without effect, why does not the solution- 
pressure of the metals cause them to ionize as freely into a 
vacuum, or into the air? And why should one solvent he ef- 
fective and not another ? 

The dissociation-controversy in England waxed particularly 
warm in the numbers of Nature published in 1897 * 

One can hardly read this discussion without feeling that, on 
the whole, the dissociation theory has the better of it. But the 
associationists, led by Pickering, are not wholly wrong. Pick- 
ering cites one experiment that is worth quoting. He says that 
when a solution of propyl-alcohol in water is placed within a 
semi-permeable membrane, the water from without passes 
through the membrane into the interior This seems to prove 
that the membrane is pervious to water but not to propyl-alco- 
hol. But, he adds, when the same vessel is immersed in pro- 
pyl-alcohol the propyl-alcohol passes in through the membrane, 
hut the water cannot get out. This would seem to prove that 
the membrane was pervious to the propyl-alcohol but not to the 
water He considers this a reduetio ad ahmrdum. But Whetham 
points out that the experiment may he interpreted to mean that 
the membrane is pervious to either water or to propyl-alcohol, 
hut not to their associated molecules or to the solution of one 
in the other. 

Whetham also points out that the assumption that the ions are 
dissociated from each other does not m any way contradict the 
assumption that they are severally associated in some, as yet 
unknown, manner with the solvent. 


^ J^atwe, Tol Iv, Dr H E Armstrong, p 78, against, Prof. 0 J Lodge, p 
151, for, W C D VVhetliaia, for, p 152, Spencer Pickering, against, p 223 , 
Lord Eayleigh, p 253, for , Lord Kelvin, p 273, agnostic, if not wholly skep- 
tical , Prof J. Willard Gihbs, p 461, for, answers some of Lord Kelvin’s objec- 
tions , W C D Wbetbam, p 606, for, answers Pickering. The discussion is con- 
tinued in Natw e, vol Ivi , p 29 
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Lord KelYin {loc cit., ]p. 2Y3) takes an agnostic, if not skepti- 
cal, position. After stating the problem of osmotic pressure, lie 
says 


“ No moleculai theory can, for sugar or common salt or alcohol dissolved in 
water, tell us what is the true osmotic pressure against a membrane permeable to 
water only, without taking into account laws, quite unknown to us at present, re- 
garding the three sets of mutual attractions or repulsions (1) between the mole- 
cules of dissolved substance , (2) between the molecules of the water , (3) between 
the molecules of the dissolved substance and the molecules of the water ” 

He follows this with a warning against undue haste in ac- 
cepting theoretical views as settled while they are still open to 
debate. 

On p 461 {loc. cit) Prof J. Willard Gibbs shows that in the 
case cited by Lord Kelvin, for dilute solutions, where the rela- 
tion of the density and pressure of the dissolved substance be- 
comes like that of a gas, it is only necessary to have a single 
numerical constant in addition to the relation between the den- 
sity and the osmotic pressure to solve the problem. 

It must be remembered that the greatest triumphs of the 
new theory are confined to dilute solutions, but a complete 
theory of solutions must, of course, include all states from the 
dilute solution through the saturated solution to the solid sub- 
stance with its various hydrates. 

In describing the condition of afiairs assumed m the new 
theory of ionic dissociation, Le Plane says 

“The parts resulting from the dissociation (the ions) are electrically charged, 
and contain equivalent amounts of positive and negative electricity It is natural 
to ask Whence come these sudden chaiges of electricity ’ They seem to be pro- 
duced from nothing An answer that seems satisfactory is not difficult to give 
It IS known that metallic potassium and iodine combme to form potassium iodide 
In this combination heat is generated, which shows that the two have entered 
into a state m which they contain less energy than before A certain amount of 
chemical energy doubtless still remains m the compound, and when the salt is 
dissolved in water, the greater part of this chemical energy is changed into elec- 
trical, th ough the influence of the solvent.^ This is the energy seated in the charges 
of the ions The potassium ion is positively, and the iodine negatively electric 
By the aid of the electric current, it is possible to add to these ions the energy in 
the form of electricity necessary to give them the energy they originally pos- 
sessed as elements In such a case, they separate in the ordinary molecular 
forms at the electrodes ’’ 


• Le Blanc, JS/emeats q/'j&Zeciroc^mistn/, p 60. 
t The italics are mine — S B C 
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It will be noticed that in this explanation of the mode of for- 
mation of the ions on the dissociation hypothesis, Le Blanc 
uses the phrase “ through the mflueuce of the solvent.’^ That is, 
he seems to recognize the need of bringing this influence into 
the problem. He does not attempt to show how it acts. But 
if it is able to alter such strong affinities as those of potassium 
and chlorine, or even of potassium and iodine, by changing the 
chemical into electric energy, such action is surely worth 
studying most closely. 

I am flrmly convinced that the next great advance will be 
made when the effect of the solvent is more closely studied. 
But while believing that the association or loose combination 
of the water-molecules with the dissociated ions plays an im- 
portant, though as yet unknown, part in electrolysis, I shall, in 
what follows, continue to use the method of nomenclature 
already in use for the ions, in the absence of a better system.* 

II — ^Mbthods Used in This Investi&ation. 

In looking about for some means of determining the relative 
affinities of the metals for cyanide solutions, I long ago came 
to the conclusion that the determination of the relative electro- 
motive forces of the metals in solutions of diflerent strengths 
was the simplest, readiest, and most certain that could be 
selected. For, properly considered, it shows the actual ten- 
dency of the metal to go into solution. My first experiments 
were made in this direction in August, 1896. I made at that 
time a large number of preliminary determinations, the results 
of which were presented in a lecture given February 1, 1897, 
before the California Academy of Sciences, in San Francisco. 
At that time, the curves shown in Fig. 6 were projected on the 
screen by a stereopticon before an audience of 300 persons. 


H C Jones, 2" / Phys (7A., xiv., 346, gives some inteiesting determinations 
of tile EMF of tlie combination Ag, AgFOj Aq, AgNO„ etliyl-alcoliol, Ag, 
■wliicli seem to show that the solution-pressure P may not be a constant for a 
given temperature, but may also be a function of the solvent. 

See also J J Thomson, Phil. Mag , Fifth Senes, xxxvi , 320 (1893), on the 
action of the dielectric m bringing about dissociation by its inductive influence 
For other attempts to explain the influence of the solvent, see Biedig, Z f 
Phys. Gh , IV , 444 (1889), “Kinetic Nature of Osmotic Pressure,” also Noyes, 
Id , Y , 53 (1890), and Kistiakowsky, Id., vi., 115 (1890), “Specific Attractions 
in Salt Solutions ” 
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The results of these experiments have filled me with con- 
stant surprise, when I have noticed what apparently slight 
causes were capable of mahing great changes in the electro- 
motive force of the same metal The great delicacy of the 
method proved to be the chief source of difficulty m its appli- 
cation, while at the same time it reported faithfully the facts as 
they exist in nature. 

Two methods have been used in these determinations, the 
first being what I have, for brevity, called the “ Defection 
method, and the other the Compensation ” or “ Zero ” method 
of Poggendorf 

In each case an electrolytic cell is constructed with two 
electrodes, each immersed in a separate solution. One, con- 
sisting of the metal to he tested, was held in the points of a 
platinum-tipped pair of forceps, electrically connected with a 
galvanometer, and was immersed in a vessel containing the 
cyanide solution of the given strength. The other was in all 
cases the “normal’^ electrode of Prof Ostwald, consisting of 
mercury, electrically connected with the galvanometer hy 
means of a glass-coated platinum wire. The surface of the 
mercury is covered with a layer of mercurous chloride, a 
couple of inches thick, and a solution of chloride of potassium 
M 

of one gramme-molecule (m this case also a normal solution) 

The two vessels containing the electrodes are connected, as 
shown in Pig 3, by means of the tube 0 and the siphon D, the 
M 

latter being filled with — KOI solution, like that in the normal 

electrode. I have added a small tube E, ordinarily closed with 
a cork, for the purpose of displacing at intervals the solution 
in the siphon D with fresh KOI solution, to avoid the difiiisioii 
of the cyanide solution through the latter hack into the normal 
electrode. Por the same reason the position of the normal 
electrode is ordinarily a little higher than that shown in the 
figure, so that any accidental action of the siphon shall be 
rather away from the normal electrode than into it. 

The purpose of the normal electrode of Ostwald is to have 
a non-polarizahle electrode in a solution of known strength and 
electromotive force. This is fixed at — 0 660 volts. That is, in 
the case of the normal electrode, the quicksilver ions tend to 
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precipitate themselves on the surface of the mercury, and the 
solution is therefore negative to the metal by 0.560 volts. That 
is, the positive current tends to flow through the solution to the 
mercury, which becomes positively electrified, while the solu- 
tion itself becomes negatively electrified. 

ISTow, if we neglect the slight electromotive force due to the 
contact of the two solutions, the resulting electromotive force 



of the combined cell is the algebraic sum of the electromotive 
forces active at the two electrodes. Hence, if we subtract 
0.560 from the EIVCP of the cell, we have the BME of the 
metal under consideration. The algebraic sign indicates the 
direction of the positive current. 

The Deflection Method — This method is much the most con- 
venient for such investigations, particularly in the first rough- 
ing-out of a large amount of material. With proper precau- 



THE ELECTEOMOTIVE EOEGE OE METALS. 


898 


tions, it gives results not less reliable than those of the zero 
method ; and it has the great advantage over the latter that the 
rapid changes of electromotive force may be followed almost as 
they occur. 

The method is illustrated in Fig. 4. B is the cell contain- 
ing the cyanide solution and the metal M to be tested; KE 
is Ostwald’s normal electrode , E, is a resistance which varied 
in the tests from 30,000 to 200,000 ohms; G- is a Wiedemann 
reflecting galvanometer ; K, a make-and break-circuit key ; and 
C, a commutator. 

Fig 4 



B, Cell Oontaimng Cyanide Solution, R, Resistance of from 30,000 to 200,000 Ohms, 

H, Metal to he Tested, U, Wiedemann’s Reflecting Galvanometer, 

RE, Ostwald’s Normal Electrode, K, Make- and Bieak-Oireiut Key 


The galvanometer was calibrated by replacing the cells B 
and with a Latimer-Clark cell, prejiared according to the 
directions of Ostwald, and noting the deflection produced hy its 
voltage through the given resistance of 30,000 to 200,000 
ohms. The voltage was taken as EMP = 1 438 — 0.001 
— C.) volts. 

M 

Most of the concentrations of potassium cyanide were 

(one gramme-molecule, 65 grammes per liter, or 6 5 per cent ), 
or fractional multiples of this in tenths. Thus the series used 

, M M M M M M 

was frequently ^ 100,000’ 1,000,000' 

As there is no little difference in the methods of notation in 
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use, and miicli resulting confusion, the following methods of 
notation will always he need in this paper • W e shall follow the 
motion of the positive ions through the solution, and the mode 
of notation will depend entirely on that. When the motion of 
the positive ion in the solution is from the metal to the solution, 
the metal is said to he electropositive, because it gives up posi- 
tive ions to the solution and causes the solution to become posi- 
tively electrified, itself becoming at the same time negatively 
electrified. Such, for instance, is the case of zinc in a solution 
of zinc sulphate. When, on the other hand, the solution gives 
up positive ions to the metal immersed in it, as is the case with 
copper in a solution of copper sulphate, the metal is said to be 
electronegative, for it causes the solution in which it is im- 
mersed to become electronegative, itself, at the same time, be- 
coming positively electrified. The quicksilver in Ostwald’s 
normal electrode is another example. The -|- or — sign, then, 
here indicates the direction of ionic motion, and simply shows 
whether the given positive ions tend to flow away from the 
metal into the solution or towards the metal from the solution. 
That is, whether the “ solution-pressure ” of the metal is greater 
or less than the “osmotic pressure ’’ of the ions in solution.* 

1^'ow, when an electropositive and an electronegative metal 
are coupled, the direction of flow of the ions of both through the 
solution is the same, and the electromotive fbrce of the com- 
bination is the arithmetical sum of those of the ingredients. 
When two electropositive or two electronegative metals are 
coupled, the ions tend to flow through the solution in opposite 
directions ; hence, the electromotive force of the combination 
is equal to the arithmetical difference between the separate 
electromotive forces, the direction of motion, and hence the 
sign, being that of the greater. 

In comhinatioiis in which the Ostwald normal electrode is 
one member, we know the amount and direction of one elec- 
tromotive force , and hence, when we measure that of the com- 
bination, it is easy to calculate that of the other (neglecting 
the slight electromotive force dne to the contact of the solu- 
tions).! 


* With regard to the anions, the -|- and — signs have an inverse meaning 
t This, except in cases of great differences in the concentration of the Bolu- 
tions, has been shown to cause an error of only a few thousandths or hundredths 
of a volt 
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Thus, if, against the normal electrode, aluminum in a — 

solution of KCj gives an EMF = + 1 56 volts,— that is, if the 
current flows from the aluminum to the mercury, the same as 
in the case of mercury,— it follows that the EMF of the alumi- 
M 

num 111 — KGj will be + 1.55 — 0 560 = + 0 99 volts. 

Again, if a strip of amalgamated zmc under similar circum- 
stances gives a voltage of -f 1 49 volts, the EMF of amalga- 
M 

mated zinc in a — KCy solution will be + 1.49 — 0 560 = 
-f 0 93 volts. 

In malnng the determinations, it must be evident from the 
formula that, if there are few ions of the given metal present 
in the solution at the start, the introduction of a very few more 
will make great changes in the value of the EMF. 

p 

For in log - it must be evident that, as P is constant (for a 

given temperature), the value will depend entirely on p , and 
the smaller is, the greater will be the efl:ect due to slight changes 
in p. Hence, it will be impossible to get constant values for the 
EMF, unless the value of p is nearly constant , that is, when the 
solution is saturated vuth ions at the given temperature. That 
is the case with the normal electrode, where the mercury lies in 
a saturated solution of mercurous chloride. The mercury is 
thus in equilibrium with its ions, and a constant BMP results. 

To get perfectly constant results with cyanide solutions, it 
would be necessary to have the solution saturated with the 
cyanide of the metal in question. But while this would give 
us a very satisfactory electromotive series, it would not give us 
a measure of the action of the unsaturated cyanide solution, 
just as it acts on the ores "We must, therefore, be content with 
results that are not entirely concordant, and take the best of a 
large number of determinations. 

The strips used were always freshly burnished with sand- 
paper, cooled, and touched to a grounded platinum wire to dis- 
charge any electricity with which they might have been charged 
in burnishing. 

JPrehminary Besults with the Dejkciion Method — The following 
preliminary results were obtained in October to December, 1896, 

VOL XXX — 55 
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Table I, — Electromotive Force of Metals m Cyanide Solutions. 
Deflection Method. Preliminary Experiments. 
October-December, 1896. 



Ostwald’s Normal Electrode = 

— 0 560 Volts 



fRCy 





Volts 

Volts 

Volts 

Volts 

■^Aluminum . . 

+0 99 

+0 90 

+0 76 

+0 40 

■^Ziac, amalgamated 

-fO 93 

+0 82 

+0 70 

+0 44 

^Zinc, commercial 

Not determ 

+0 77 

+0 59 

+0 39 

*Copper 

^Cadmium 

+0 81 

+0 62 

+0.37 

+0 16 

+0 61 

+0 67 

+0 35 


Cadmium, amalgamated 

+0 55 

+0 31 

+0 19 

+0 06 

^Tm 

+0 45 

+0 24 

+0 17 

*Bornite 

+0 45 

+0 25 

—0 16 

— d 12 (?) 

—0 38 

Copper, amalgamated 
*Gold . 

+0 39 (?) 
+0 37 

+0 41 
+0 23 

-0 14 (?) 
+0 09 

^Silver 

+0 33 

+0 15 

-0 05 

— 0 86 

■*Copp er-Glance 
*Lead 

+0 29 (?) 
+013 

+0 25 
+0 05 

+0 05 
+0 01 

-0 44 

Tin, amalgamated 

Lead, amalgamated 

Not determ 

+0 01 

—0 07 

— 0. 12 

Not determ 


— 0 03 


*QuicksilTer 

—0 09 

+0 01 

—0 11 


Gold, amalgamated 



-0 13 

—0.26 

’^Antimony . .. 

+6 06 

+0 03 

—0 03 


*Arsenic 

+0 04 

—0 05 

—0 21 


■^Bismuth. . ... 

+0 00 

—0 06 

—0 20 


Niccolite . . 1 

—Oil 

—0 17 

-0 44 


^Iron 

-0 17 

—0 24 

—0 24 


*Clialcopynte . 

—0 20 

—0 34 

—0 44 


*Pyrite ... 

—0 28 

—0 42 

—0 48 


*Galena 

-0 28 

—0.48 

-0 52 


*Arg6ntite 

Berthiente 

—0 28 

— 0 56 

—0 55 (?) 


—0 30 

— 0 52 

—0 52 


Speisseobalt 

Magnetopynte 

—0 30 

— 0 33 

—0 50 


—0 30 

—0.40 

—0 54 


Pahlore . 

—0 36 

— 0 52 

—0 62 


Arsenopynte 

—0 40 

—0.45 

—0 54 


*Platinum 

—0 40 

—0 46 

— 0 50 


Cuprite 

—0.43 

—0 55 

—0 57 


^Electric Light Carbon 

1 —0,46 

—0 52 (?) 

—0 67 


*Blende 

1 —0 48 

—0.52 

—0 65 


Boulangerite 

—0 50 

—0.55 

—0 55 


Boumonite . 

1 —0 50 

—0.55 

—0.56 


Coke . . .... 

—0.52 

—0 62 

—0 42 (?) 


Euby Silver-Ore 

—0 54 

—0 53 (?) 

—0.54 


Stepbanite 

—0 54 

—0.55 

—0 52 (?) 


*Stibnite 

—0 56 

—0 56 

—0 66 



with some of the common metals and minerals. The metals 
were good commercial artieles, such as are in use in the arts, 
except in the case of gold, silver and quicksilver, which were 
chemically pure. In the case of some of the minerals, such as 
zinchlende, stibnite, etc., the electrical resistance was probably 
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SO higli in comparison with that of the intercalated resistance 
that the results may he somewhat low. 

hlevertheless, they give at once some important relations 



PRELIMINARY RESULTS. OCT -DEC 1896. 

which must exist whenever the cyanide process is applied in 
the treatment of ores. 

The electromotive forces of the metals and minerals marked 
with an asterisk m the above table have been plotted in Tig. 5. 
The Y axis shows the potential in volts, the Z axis the con- 
centration in gramme-molecules and also in percentage of KOy. 
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It Will be noticed that in most cases tlie curves approximate 
quite closely to the logarithmic curve which theory would give 
(see Fig. 2), supposing the osmotic pressure of the metallic ions 
present to be inversely projiortional to the concentration of the 
free potassium cyanide present , but they have different origins. 

It will be noticed that the electromotive force of commercial 
sheet-zine is increased hy amalgamation, probably by reducing 
local action with some of its impurities, by which some of the 
current produced is short-circuited. In all the other experi- 
ments, amalgamation reduces the electromotive force of the 
combination. 

"With some substances, particularly aluminum, copper, iron, 
platinum and gas-earbon, it was very difficult to get concordant 
results , with aluminum and copper this seemed to he due to 
a tendency to form an insoluble film on the surface of the 
metal, which put a stop to further action. With copper and 
iron it was also possibly due to a tendency of the metals to a 
change of valency, which is accompanied by a change in the 
electrical state, With platinum and gas-carbon, it was not im- 
probably due to a varying content of absorbed gas. 

In testing the minerals, it was in all cases difficult to get a 
complete electrical contact between the tips of the platinum 
forceps and the rough surface of the mineral fragment, so that 
the results are only provisional, particularly as the resistance in 
some of these eases was very high, nevertheless, the results 
are very interesting. They show, for instance, that not all 
copper minerals have a strong action on the current. Pure 
ehalcopyrite, for instance, has hardly more action than pure 
pyrite, while bornite and copper-glance have a very decided 
tendency to go into solution. Cuprite is also apparently very 
little acted on, though this may be due to its high resistance 
rather than to a lack of tendency to dissolve. The soluble salts 
and minerals of copper could not be tested in this manner, ow- 
ing to their non-conductivity. 

It is plain, however, that pure chalcopyrite, galena, argeii- 
tite, magnetopyrite, fahlore, arsenopyrite, blende, houlangente, 
bournonite, ruby silver-ore, stephanite and stibnite, when free 
from their oxidation-products, are apparently very little acted 
on hy cyanide solutions. 

It is also plain that a particle of metallic gold, in contact with 



THE EIECTHOMOTIVE FOECE OF METALS. 


899 


a particle of pyrite, forms a galvanic couple in — or 6.5 per 
cent KOy solution, equal to+ 0 65 volts in ^ or 0.65 per cent. 

KCy solution, + 0 66 volts, anchn ^ or 0 065 per cent. KCy so- 
lution, + 0 57 volts With zinc under the same circumstances (if 
M 

we take for the — KCy solution the figures for amalgamated 

zinc), taking the zinc as the more electropositive metal, and 
subtracting the potential of gold, we have differences of + 0.56 
volts, + 0.64 volts, and + 0 50 volts In short, these figures 
would measure the tendency of the zinc to dissolve, or of the 
gold to precipitate in ZOy solutions of these strengths. 

According to these figures, the precipitating power of the 
zinc seems to hold up quite well for the dilute solutions. The 
actual failure to precipitate the gold, sometimes met with in 
dilute solutions, is no doubt due to films of cyanide or hydrate 
of zinc, which form incrustations on the surface of the zinc and 
thus prevent contact The fact that the use of a small amount 
of fresh cyanide or of caustic potash in the zinc-hoxes starts 
precipitation again, seems to favor this explanation. 

The Zero-Method . — This method is shown in outline in Tig 
6. ISTE is the Ostwald normal electrode B is the cell con- 
taining the cyanide solution in which, as before, is immersed 
the metal M to be tested. At G- is a galvanometer. At R is a 
resistance, graduated, in my experiments, into 10,000 parts. A 
storage-battery of two volts and the combination-cell KE-B are 
so connected that their positive poles are both connected at the 
same end of the resistance R. The negative pole of the storage- 
battery is attached to the other end of the resistance R, so 
that the whole current of the storage-battery discharges con- 
stantly through R. The latter should be great enough to 
avoid heating, and to maintain a constant potential between the 
ends of R. The other terminal of the combination (the nega- 
tive pole) is then moved along the resistance R till some dis- 
tance, (X, IS reached at which the EMF force of IsTE-B is exactly 
balanced by the EME force of the storage-battery for that frac- 
tion of R represented by a. In this case there is no defiection 
of the galvanometer , at other points the galvanometer will be 
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deflected either to the right or left, according as too much or 
too little jEMF is used to balance FE-B. The EMF of the 
storage-battery, is, of course, first calibrated by comparing it 
with a standard Latimer-Clark cell, placed where NE-B is 
This method of determining the EME of a cell is deservedly 
considered one of the most reliable. With uon-polarizing cells, 
it certainly leaves nothing to be desired. But, in investigations 
of this kind with cells that are easily polarized, accurate results 
are obtained only by a long number of very tedious approxima- 
tions, which render the work almost interminable. For it is, 
of course, impossible to hit the right balance at first , and, if 
the connection is made at any point except the right one, the 



POGGENDORPS COMPENSATION - METHOD. 

B, Cell Containing Cyanide Solution, R, Resistance Graduated into 10,000 Parts, 

M, Metal to be Tested, V, Movable Contact, 

NE, Ostwald’s, Xoinidl Electrode, G, 'Wiedemaim’a Reflecting Qalv anometei 

metallic electrode will receive either a positive or negative charge 
from the storage-battery, and a true reading will be thus made 
impossible. It is necessary to change the entire solution m B, 
put in new electrodes at M, drive out the diffused cyanide 
solution from and so on, till these operations have been 
repeated perhaps a dozen times If this is not done, the results 
are very unreliable. With the deflection method, on the other 
hand, the observations may be made very rapidly, and though 
there is a tendency for the readings to be a little low unless they 
are quickly made, still, with a high intercalated resistance, and 
a delicate reflecting galvanometer, this method seems to be re- 
liable for these quickly polarizing electrodes. 

As I have already stated, and as was first pointed out by Ost- 
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wald, strictly concordant results are iDOssible only when the 
electrode is surrounded with a medium already saturated with 
its ions. 

I had intended to verify the results in Table! with the zero 
method before publication, but although I had all the apparatus 
set up for over two years, ready to begin at any time, I was 
prevented by the constant pressure of routine-work from 
touching it, till shortly before the time set for the San Francisco 
meeting of the Institute, in September, 1899. Meantime Prof. 
A. von Oettingen, professor of physics in the University of 
Leipzig, read a very valuable paper on this subject before the 
Chemical and Metallurgical Society of South Africa, in Jan- 
uary and February, 1899. In this paper he gives the results of 
a large number of determinations which he made of the elec- 
tromotive force of metals in cyanide solutions by means of Pog- 
gendorf s compensation method, or, as I shah call it for brev- 
ity, the zero method 

Professor von Oettingen’s results are given in Table n 


Table II. — Potentials of Different Metals in Contact with KCy 
Solutions^ at 25° C 

Expenments of Prof A von Oettingen, Jmr, Ohem and MeUdlut gical Soc S Africa, 
Januarf and February, 1899 



^KCy 

^ KCy 

10 

^KCy 

100 

JL KCy 
1000 

KCy-h — An 
100 670 


Volts 

Volts 

Volts 

Volts 

Volts 

An 


r -to 340 to 

/ 40 180 to 
140218 

f — 0 092 to 

1—0 056 

/-0414to 

—0 020 to —0 170 

■ 

-1-0 806 

1—0 474 


Ag 


-to 380 to 


-i-0 176 const 

—0 020 const 

/ —0 340 to 

—0 308 to -0 330 


-to 814 



1-0 200 


Cu 


-to 890 to 


-0 680 to 

f— 0 212* to 

J— 0 650 to 


■ 

40 924 

■ 

40 648 

140 380 

1-4)230 


Hg 


-to 162 to 


40 008 to 

40 056 const 




40 200 

■ 

40 024 






-0 290 to 


—0 466 to 

■—0 650 to 

—0 560 




40194 


-0,392 

1— 0 488 



Co 


40 182 to 


40 118 to 

f— oiasto 




40 196 


— 0 220t 

1—0 240 



Ee 




40 034 to 

' — 0034to 

- f-0 008 to 

1 1 40 050 



—0 146 


—0 012 

' -to 022 


EejjOa 


—0 674 to 


-0 796 to 

0 824 to 




t-O 7Q0 

■ 

-0 720 

1—0 750 



PbO- 


40 160 const 


40110 to 

—0 062 to 

—0 006 const 




1.40118 

■ 40 070 


j 40 126 const 

Pb 

fO 164: const 


40 128 const 

-fO 120 const 

-to 120 const 

Zn 

r +0 924 const 
t+0 940 

f 40 780 to 

140 800 

f 4-0 560 to 

1 40 604 

40 480 const 



* On moving the fluid, the potential suddenly rises 

t The potential changed suddenly from —0 121 to +0 118, then remained 
constant 

(FTote the discrepancy between —0 220 in the table and —0 121 in the foot- 
note ) 
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The above results were all obtained by the Poggendorff 
compensation or zero method, the Lippman capillary electro- 
meter being used as an indicator instead of a galvanometer 

Prof, von Oettmgen says of these results 

“ TLe two figures in each column lefer to the first and last observations on each 
metal, the intermediate values being omitted The time occupied by the change 
is very variable , Cu, for instance, took an houi When no changes occur, this is 
indicated by a constant The changes of potential aie not always in the same di- 
rection , sometimes decieasing, sometimes increasing But the direction of the 
changes in any given metal is always the same ” 

It will be noticed on examining the table that this last sen- 
tence IS not correct (unless there should be a typographical 
error in his table) For gold, silver, copper, cobalt, ferric oxide 
and lead peroxide, the highest value for the same metal is some- 
times the first and sometimes the second value. In the case 
M 

of copper in KCy the results jump from — 0 212 volts to 

-t- 0.380 volts — a difterence of 0.592 volts. I shall speak of 
the probable cause of these differences later. 


There are some other potential diffeiences given by Piof von Oettmgen which 
I include here 


Hg 

Hg^SO, 

Zn 

ZnSO* 


= -fO 524 


Mg _ 


Cd 

CdSO^ 

Pb 


-j-l 243 ‘ 

= -hO 158 ‘ 

= — OC 


18° C 


= — 0 582 volts 


Pb 
Cu 

CuSOi 

TT— IfT = — 0 560 (Ostwald’s normal electrode ) 

Prof von Oettmgen himself determined the following also (all at 26° C ) 
An 

= —1 64 to 1 42 volts, variable 

AuOl (cone ) 

_Au 
M 
1 


AuClg = —1 134 volts 
Au . -- 


Aqua Eegia 
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111 order to make more clear tke meaning of Prof, von Oet- 
tingen’s results, I have plotted them in Fig 7 as mine aie 
plotted in Fig. 5 In the figures, x is made to mark the molec- 
ular concentration the y axis shows the po- 

tential in volts. The designation Zinc 1 means that this vras 
the first value obtained with zinc, the designation Zinc 2, the 
final value, etc. It will be noticed that sometimes the first 
value is higher than the second and sometimes vice versa, but 
the results are not consistent throughout, sometimes crossing 
each other. 

The first curves of each metal, except mercury, approximately 
follow the logarithmic law (on the assumption that the num- 
ber of metal ions is inversely proportional to the potassium 
cyanide concentration) Evidently the curves will cross the X 
axis at different points, and not usually at a molecular con- 
centration M = 1, unless it should accid,entally happen that 
P 

— = 1 for M == 1. The second curves of zinc, copper, gold 

and silver, also approximately follow it But the second curves 
of mercury, cobalt, nickel and iron depart considerably from 
it. It 18 possible that these departures are due to polar- 
ization effects, as already explained The irregularities are 
much more marked than with the deflection-method. With 
that method, provided a sufficiently large resistance is used, the 
first deflection is the greatest, and is taken as the reading 
nearest to the truth. The deflection then gradually falls (often 
i^^uite rapidly, if there is a formation of gas on the face of the 
electrode) ; but the electromotive force never rises unless the 
first effect of the current is to produce a film of gas or insoluble 


■■ c \ = —0 26 to +0 03, veiy variable 
KCyS (sat ) 

Au 

M 

- KCyS = —0 36, variable volts 

Au 

M 

-KCyS = —0 40 volts 


KCy(sat.) 


= 4-0 50 volts 


Au 

K^S 


= -|“0 14 volts 


^^ = 4-0 21 volts 

A •jT 

__ = 0 to 0 136 volts. 
Na^S 


KCy (sat ) 


= 4-0 536 volts 


Cn 

KCy (sat ) 
Zii 

KCy (sat j 


= 4-1 154 volts 
=r 4-1 196 volts 
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cyanide wMch. puts a stop to the current, either by setting np 
an opposing EMF or by preventing or reducing contact by its 
resistance. In this case, shaking the solution or jarring the 



by Prof o Oettmeen of Leipzig 
(J Ohem &Met Soe S A Pcb 1899) 

X = 1V1 y=7r-058 log % Volts. 

electrode usually gives an increase of the EMF by destroying 
the film in part, but, if the metalhc surface is untarnished to 
begin with, the EMF rarely rises again to its first value. 

New Method of Plotting Besults . — ^The method of plotting 
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results hitherto used, while it shows very well the near ap- 
proach of the curve to the true logarithmic curve, has the dis- 
advantage that only three or four values for the tenth ratio can 


be plotted If, however, instead of making x = , as we have 

p p 

done, we let x= log — , and plot the curve y = 0.058 log. — volts, 

the curve becomes a straight line passing through the origin 
at 0 Eor x = 0, y = 0. 


This curve is plotted in Fig. 8 for values of x = log. — 
from -f- 18 to — 12, which gives voltages from -}- 0.755 to 


•p 

— 0.696, and the table shows values from x =log. — = minus 

p 

infinity to 40 It shows what an enormous change in the value 

P 

— 18 necessary to produce a very moderate change in the volt- 


age Thus, to produce a change of 2 32 volts, a change in the 
p 

ratio - = 10^° (or ten to the fortieth power) is necessary 


In our experiments, of course, we do not know the value of 
p 

— , but as a first approximation we may assume it inversely pro- 
portional to the molecular concentration M X 10®. 

On the axis of x is plotted the logarithm of the molecular 
concentration expressed in the powers of 10 Thus . x = log 
M =log. 10—®. The y axis gives the EMF in volts. For 
comparison the theoretic formula of Hernst is also given. 

If we plot Prof von Oettingen’s results, as in Fig 9, on this 
plan, they become at once more intelligible. We see at once 
that all the curves do not remain straight lines. The zinc fol- 
lows along very nearly in the theoretic straight line The 
copper starts well, but soon falls quite rapidly, due probably to 
increasing dissociations. The gold and silver approximate 
fairly well, also, but the rest depart from it considerably. 

Comparison of the Defection and Zero Methods . — Since the 
results of Prof, von Oettmgen were published, I have thought 
best to try the zero method as well as the deflection method, 
and to compare the results so far obtained with each other. I 
have also decided to plot the results by the same method as 



log. M 0 -4-1 -1-2 +3 4-4 4-5 -1-6 -1-7 +8 +9 +1Q +11 +12 -f13 
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sliown 111 Fig. 8 , as it enables ns to compare the results over a 
wider range of dilution tlian the former method of tabulation 
would cover. 


o o o o 


^ 


1 q S i 


I «HO0O0O»0,000 


I i I M M M I I I 


0 

s 

o 

cc 

. 01 LU II 


< 0 
_1 - 
rn 1 


After the foregoing description and discussion of the various 
methods employed in this investigation, the reader will be able 


=0 058 log 
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E.M F. OF METALS IN CYANIDE -SOLUTIONS. 

Prof V OettongeE of Ifiipsag (J dieni and Met Soc S A.Peb 1899) 

On tlie Horizontal (x) axis are laid off the values of log M = log 10“ j on tie 
vertical (y) axis, the actual volts 

to Study intelligently the tabulated results of the tests herein- 
after stated. 
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TTT . — ^Results op Experiments. 

The following tables show, for the several metals tested, my 
own results, obtained at different times and by different meth- 
ods, as well as those of Prof, von Oettingen In every case, 
each observation was made independently, without regard to 
the ultimate result of its reduction. But the later readings are 
more reliable than the earlier, because a certain knack in catch- 
ing the needle at its maximum position, before the voltage be- 
gins to fall, was acquired during the work. The tables give 
the readings as reduced from the actual observations, without 
attempted correction; but when any anomaly rendered the ob- 
servation uncertain, this is indicated bya(?). Such was the 
case particularly in the readings with distilled water (M divided 
by 00 ), which were very uncertain, especially for easily oxidiz- 
able metals like zinc and iron 


Table III . — Eleetrormtive JForce of Zme [Commercial Sheet, 
Burnished) m KGy 


Curve 

(0) 

(b) 

(c) 

(d) 

(e) 

(/) 

(£>) 

Note-book B1 page 
Date 

Method 

Besis ohms 
Temperature 
Observer 

67 

Oct 19, '96 
Deflect ^ 
100,000 
22° 0 
Christy 

176 

A’g 30, ’99 
Zerof 

ir C 
Christy 

177 

A’g 30,’99 
Deflect t 
100,000 
19® C 
Chnsty 

186 

Sep 4, ’99 
Deflect t 
100,000 
19° C 
Chnsty 

198 

Sep 8, ’99 
Deflect 
200,000 
198 G 
Chnsty 

Publ&h’d 
Feb , ’99 
Zero 

25° C 
Von Get- 

Publsh’d 
Feb , ’99 
Zero 

25° C 
Von Oet- 

EMP 

(N E =-0 660) 
Concentration 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

KCy¥ 


-f0 946 


-t-0 906 

-1-0 914g 

-fO 924 

+0 940 

M 

10 

-1-0 770 

-t-0 861 


-1-0 815 

-|-0,836§ 

-to 780 

+0 800 

M 

100 

-hO 585 

-f0 772 


-f0 730 

-|-0 735g 

-1-0 560 

+0 604 

M 

1,000 ” * 

-1-0 385 

-t-0415 

-f0 386 

-fOSOO 

-+-0 371| 

+0 480 

+0 480 

M 

10,000 


-|-0 385n 

4-0 326 

-f0 270 

-1-0332 



M 

100,000 


-f0355 

-f0 320 

-l-0 270(’) 

-1-0 332 0 



M 

1,000,000 


-l-0 383(’) 

-f0 312 

-l-0 282(’) 

-l-0332(?) 



-^(=H20) 

-f0 04in 

-f0 372n 

-f-0256(?) 

+0 240(?) 

-f 0 293 n 







-|-0 350{’) 





* Used same strip of zinc thronglioiit experimentSj burnishing each time 
Tested from strong to weak solutions f Used new burnished strip each time 
X Same strip, burnished each tune Tested from weak to strong solutions. 

I Fine hubbies form on zinc and then voltage falls Shaking causes bubbles 
to escape, and voltage rises || Below this, no gas-bubbles visible to naked eye , 
but voltage falls, and then rises on. shaking 
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Bx'perm&iis with Commercial Sheet-Zmc . — ^Experiments were 
made at difierent times, with both the zero and the defection 
method, on the ordinaiy commercial sheet-zinc, such as is 
actually used m making zmc-shavings for precipitating gold. 
The results are given in Table III., and those of Prof, von 
Oettingen have been introduced into the same table, for com- 
parison. 

These results are plotted together for comparison in Fig. 10 
M M 

It will be evident that from-Y-to or from 6.6 to 0.065 per 


Fig 10. 
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E.M.F OF ZINC IN KCy. SOLS. 

On the horizontal (x) axis are laid ofi the values of log M — log 10“; on the 
vertical (y) axis, the actual volts 


cent., the curve nearly follows the theoretic straight line. 

M 

Curves a, f and g appear to follow it to or 0.0065 per 

cent., but for more dilute solutions beyond that point the curve 
approximates a horizontal straight line. This, according to the 
hTernst theory, would mean that the number of zmc ions in such 
solutions remains nearly constant. In spite of all the irregu- 

M 

larities in the curves, the point ~ 3 or or 0.0066 per cent. 
KOy is evidently a critical or inflection-poiBt in the curve. 
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The results obtained with high dilutions of cyanide and with 
distilled water were very uncertain, probably because of the 
formation of insoluble films of oxide ot zinc and occluded hy- 
drogen, which prevented the accurate reading of the needle. 


Table IY — Electromotive Force of Copper (Burnished Sheet) 
in KCy 


Curve 

(a) 

(6) 

(c) 

(d) 

(e) 

(/) 

ig) 

Note-book B1 page 
Date 

Method 

Resis ohms 
Temperature 
Observer 

68 

Oct 20,’96 
Deflect 
100,000 
23° G 
Christy 

178 

A’g 30.’99 
Zero 

18° 0 
Christy 

188 

Sep 6, ’99 
Deflect 
100,000 
18° C 
Christy, 

189 

Sep 6, ’99 
Zero 

18° C 
Christy 

190 

Sep 7, ’99 
Deflect 
200,000 
19° 0 
Christy 

Puhlsh’d 
Jan , ’99 
Zero 

25° C 
Von Oet- 
tingen 
Volts, 

Publsh’d 
Jan , ’99 
Zeio 

25° C 
Von Oet- 
tingen 
Volts 

EMF 

(N E =-0560) 
Concentratioa 

Volts 

Volts 

Volts 

Volts 

Volts 

KCy^ 

-h0 980 

-1-0910 

■f0 905 

•+0 811 (’) 

-1-0 860 

-1-0 924 

-+■0 890 

M 

10 

-1-0 620 

-1-0 781 

■f0 310 

4-0 663 

■+0 660 

-1-0 680 

4-0 648 

M 

100 

-1-0 370 

-1-0146 

-1-0310 

-1-0 356 

-f0l49 

-0 212 

4-0 880 

M 

1,000 

-h0158 

-0104 

-0 068 

—0 048 

-0151 

-0 560 

-0 280 

M 

10,000 


-0 832 

-0 241 

—0 230 

-0 324 



M 

100,000 


-0 360 

-0 299 

—0 272 

-0 387 



M 

1,000,000 

|(=H20) 


-0 426 

-0814 

-0282 

-0 442 



-0 560 (’) 

—0 444 

-0 328 

—0 313 

—0 460 




In my results with the deflection method, I have always taken 
the highest reliable reading as the most .probable result. It was 
often quite diflSicult to make sure of the proper reading, as a 
slight insoluble film of cyanide of copper formed almost in- 
stantly, and this lowered the potential almost before a reading 
could be taken On agitating the copper, so as to bring it into 
contact with fresh solution, the potential would gradually rise 
to a maximum, after which, on being left at rest, it would again 
fall off more gradually It is possible, also, that the tendency 
of copper to form cupric, as well as cuprous cyanide, may in 
part explain the discordant results, such, for instance, as that 

obtained by Prof von Oettingen with KCly solution. He 

says in a footnote concerning this case, “ On shaking, the poten- 
tial suddenly rises from — 0.212 to + 0.380 
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The results contained in Table IV. have all been plotted 
in I'lg 11. The mean results of these curves show a tendency 

to follow the course of a straight line from ^ down to ■ 

M 

or perhaps to ; that is, from 6 5 down to 0 00065 per 


Fig 11 



COPPER. 

On the horizontal (x) axis are laid off the values of log M = log 10“ , on the 
vertical (y) axis, the actual volts. 


cent., when it breaks off sharply and runs along flat again, just 
as the zinc-curve did. 

On plotting the gold-curves, as has been done in ffig. 12, it 
is evident that the gold follows the logarithmic law fairly well 

VOL XXX— 56 
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Table V. — Mectromoiive Force of Grold in KGy Solutions. 


Curve 

(fl) 

(6) 

(e) 

(d) 

(fii) 

(£2) 

Note-book, Bl.page 

71 

86 

88 

172 

Published 

Published 

Date 

Oct 20, '96 

Dec 12, ’96 

Dee 14, ’96 

Aag 26, '99 
Zero 

Feb , '99 

Feb , ’99 

Method 

Deflect 

Deflect 

Deflect 

Zero. 

Zero 

Eesis ohms 

300,000 

50,000 

50,000 




Temperature 

230 0 

22“ C 


20“ C 

25“ C 

25“ C 

Observer 

Christy 

Christy 

Christy 

Christy 

Von Oet- 
tingen 
Volts 

Von Oet- 
tmgen 

BMP 

Volts 

Volts 

Volts 

Volts 

Volts 

(N E =-0 560) 
Goncent’n KCy 







6 4M 



+0 468 




3 2M 



+0420 




1 6M 



+0 357 




M 

-f0 366 

+0 334 

+0 336 

+0418 

+0 340 

+0 306 

M 



+0288 




M 

4 



+0239 




M 

+0 233 

+0 176 

+0176 

+0 264 

+0 180 

+0 218 

M 

20 



+0135 




M 

40 



+0 093 




M 

50 



+0073 




M 

ioo 

+0 087 

+0 045 

+0 037 

+0 065 

—0 092 

-0 066 

M 

200 


—0 099 

-0 073 




M 

500 


-0 244 



‘ 


M 

-0 880 

—0 326 


-0 848 

-0 414 

—0 474 

1,000 







M 

2,000 

M 


—0436 





4^000 


-0 533 





M 









-0 554 





M 

10,000 

M 


-0 560 

—0 581 


-0439 



20,000 ‘ 

M 

100,000 

M 

1,000,000 


-0 567 





-0 6600 

-0 698 

—0 622 

Sep 4, ’99 
Deflection 



|(=HoO) 





—0 724 
-0 620 
—0 709 




as far as or 0.065 per cent. KCy. A considerable fall of 

M 

potential occurs, according to my experiments, between 
M 

and or 0.0065 per cent. KOy, indicating an increase of 
osmotic pressure, probably due to an increasing dissociation of 
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the potassium aurous cyanide. This point seems again a criti- 
cal point in the curve, which, beyond it, runs ofi more flatly, 
indicating an approach to a constant osmotic pressure of the 
gold ions. 


Fig 12. 



— 03 6 —5 — 4 -3 —2 —1 — 0 


GOLD IN KCy. 

On the horizontal (x) axis are laid off the values of log. M = log 10“ ; on the 
vertical (y) axis, the actual volts. 

Mectromotive Force of Gold m KGl and KHO, 

In order to bring out the effect of the potassium cyanide in 
reducing the osmotic pressure of the gold ions in the solution 
(according to the J^Ternst theory), I append the following ex- 
periments on the electromotive force of gold in solutions of 
potassium chloride and potassium hydrate. These results are 
given m Table YI., and are plotted in Ihg. 13. It is evident 
that there is a very much smaller electromotive force in each of 
these cases. It is particularly low in the case of potassium 
chloride. According to the Hernst theory, the solution-pres- 
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Table Yl.-->Meotromotwe Force of Gold in KGl and KHO. 


Curve 

(a) 

(6) 

Note-book El, paee 

160 

159 

Date 

Aug 10, ’99 

Aug 10, ’99 

Kesistance, ohms 

30,000 

30,000 

Temperature ... 

19° C 

18 5° C 

Observer , 

Christy 

Christy 

EMN (N E =~0 680) 

Volts 

Volts 

Solution . . 

KCI 

KliO. 

Concentration 



M 

-0 487 

-0 381 

1 



M 

-0 610 

-0 422 

10 



M 

-0 523 

-0.468 

lOO' 



M 

-0 633 

-0 486 

1,000 



M 


-0 505 

10,000 



M 


-0 526 

100,000 



M 


-0 561 

1,000,000 





E.M.F. OF GOLD IN KCI AND KHO SOLUTIONS. 

On tie lonzontal (x) axis are laid ofi the values of log M=log 10”, on the 
vertical (y) axis, the actual volts. 
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sure of the gold is the same in each of these solutions ; that is, 
the pressure with which the gold tends to go into solution is 
exactly the same (at a given temperature), whether the gold is 
immersed in either potassium cyanide, potassium chloride or 
potassium hydrate. But the number of gold ions in each solu- 
tion, and hence the resulting osmotic pressure, is very different 
According to this theory, it is least in potassium cyanide, much 
greater in potassium hydrate, and greatest of all in potassium 
chloride. Consequently, the EMF varies inversely as y), ac- 

p 

cording to the ratio log. — 

The curves in both cases run rather flat, indicating an ap- 
proach to a constant osmotic pressure for high dilutions. 


Table VII. — Electromotive Force of Silver in KCy. 


Curve 

{a) 

(&) 

(c) 

(c2) 

Note-book Bl, page 

71 

170 

Pubhshed 

Published 

Date 

Oct 20, ’96 

Aug 19, ’99 

Jan , ’99 

Jan , ’99 

Method 

Deflect 

Zero 

Zero 

Zero 

Eesistance, ohms 

100,000 




Temperature 

23° C. 

19° C 

25° C 

25° C 

Observer 

Christy 

Christy 

Von Oet- 

Von Oet- 




tingen 

tingen 

EMP (N E =-0 660) 

Volts 

Volts 

Volts 

Volts 

Concentration KCy 





M 

1 

-1-0 326 

+0 345 

+0 340 

+0 306 

M 

10 

-hO 152 

+0 194 

+0.180 

+0 218 

M 

-0 054 

+0 058 

-0 092 ’ 

-0 166 

100 





M 

-0 360 

-0 308 

-0 414 

-0 474 

1,000 





M 


-0.417 



10,000 





M 


-0 467 



100,000 





M 


-0 498 



1,000,000 





1 (=H.O) 

-0 572 







Fig 14. 
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E M F OF SILVER IN KCy. 

On tlie horizontal (s) aids are laid ofl the values of log M = log 10“ , on the 
vertical (y) axis, the actual volts 


Table YIII — Electromotive Force of Lead in KCy. 


Curve 

(a) 

(6) 

(c) 

Note-hook Bl, page 

Date 

Method 

Eesistance, ohms . 
Temperature .... 

Observer . , .... 

EMF (N E. =— 0 56) 
Concentration KCy 

T 

M 

10 

M 

100 ■ 

M 

1,000 

M 

10,000 

M 

100,000’ 

M 

1,000,000 ■ 

68 

Oct 20, ’99 
Deflect. 
100,000 

23° 0 
Christy 
Volts 

+0125 

+0 050 

+0 006 

183 

Sep 2, ’99 
Zeio 

18° C 
Christy 
Volts 

+0 200 

+0 158 

+0112 

+0 070 

+0 046 

+0 040 

+0 040 

+0 040 

Published 
February, ’99 
Zero 

25° C 

Yon Oettingen. 
Volts. 

-f 0 164 const 

+0 128 “ 

+0 120 “ 

+0 120 “ 





Fig 15. 



E IM F OF LEAD IN KCy SOLUTION 

On the horizontal (x) axis are laid o2 the values of log M = log 10“ , on the 
vertical (y) axis, the actual volts. 


Table IX . — Meetromotive Force of Mercury in KCy. 


Curve 

(a) 

(6) 

(0 

id) 

fe) 

N'ote-book Bl, page 

67 

184 

184 

Published 

Published 

Date 

Oct 19, ’96 

Sep 2, ’99 Sep 2, ’99 

Feb , ’99 

Feb , ’99 

Method. 

Deflect. 

Zero 

Deflect 

Zero 

Zero 

Eesistance, ohms 

100,000 


100,000 



Temperature 

23“ C 

18° C 

18° 0. 

25° C. 

25° 0 

Observer 

Chnaty. 

Christy 

Christy 

Von Oet- 

Von Oet- 





tingen. 

tingen 

EMF (N E =-0 560) 

Volts 

Volts 

Volts 

Volts. 

Volts. 

Concentration KCy 






M 

1 

+0 091 

+0 154 

+0 032 

+0 162 

+0 200 

M 

+0 010 

+0 047 

-0.073 

+0 008 

+0 024 

10 






M 

+0 116 

-0 043 

-0176 

-0 066 


lOO’ 






M 


-0193 

-0 309 



1,000 






M 


-0 860 

-0.545 



10,000 






M 


-0 664 

-0 594 



100,000* 






M 


-0 705 

-0 634 



1,000,000 






^(=^20) 


-0 735 

-0 640 
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As a cheek on the foregoing results, I am able to quote the 
observations of an independent observer, Brandenburg ^ He 
conducted a number of experiments with mercury in various 
depolarizing solutions Instead, however, of using Ostwald’s 
normal electrode, he used as one electrode mercury covered with 
sulphate of mercury (instead of the chloride used in OstwakVs) 
This electrode was then connected, by means of a siphon eon- 


Fig. 16. 
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E M F OF MERCURY IN KCy SOLUTION. 

On the horizontal (x) axis are laid off the values of log M = log 10" , on the 
vertical (y) axis, the actual volts 

taining a neutral salt in solution, with a vessel containing mer- 
cury covered with the various solutions to be experimented on. 

The solutions he experimented on to find their ion destroying- 
power, or their power to form complex ions with mercury, were • 
potassium sulphide, potassium cyanide, potassium sulphocyan- 
ate, sodium hyposulphite, potassium ferrocyanide and potassium 


Zeitschnftfur FhysiMisehe Ohesm, xi., p 570, etc 
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chloride. As he did not nse the same strengths that I have 
found most convenient, I have had to plot his results, reduce 
them to zero potential,'*' and interpolate the results for the 
strengths I have used The results so obtained are compared 


Fig 17 



Mercury Depolarizer/HgS 04 /Hg. 

The Results of Biandenburs, (Zf PhCh.xi570 (S.c) 

Plotted, Interpolated, Replotted and Reduced to 0 Potential, by S B Christy 
To whieli are added, for companson, curves with normal Electrodes 
On the horizontal (x) axis are laid off the values of log M = ]og 10”; on the 
yertical [j) axis, the actual volts. 

with the results obtained by Professor Oettingen and myself 
with the normal electrode. The results obtained by us for po- 
tassium cyanide are higher than Brandenburg’s, but show the 
curves to be of the same general nature. They are shown in 
Pig. 17. 

* On the supposition that lias a potential of — 0 98 instead of — 0 '>60 



Table X — Electromotive Force of Iron in KGy. 


Curve 

{a) 

(&) 

(c) 

(d) 

(e) 

Note-hook Bl, page 

68 

182 

180 

Published 

Published 


Oct 21, ’96 

Sep 1, ’99 

Sep 1, ’99 

Feb , ’99 

Feb , ’99 

Method . . 

Deflect 

Deflect 

Zeio 

Zero 

Zero 

Eesistance, ohms 

100,000 

100,000 




Temperature 

21° C 

19° C 

19° C 

25° G 

25° C 

Observer 

Christy 

Christy 

Christy 

Von Get- 

Von Get- 





tingen 

tingen. 

EMF(N E =-0 66) 

Volts 

Volts 

Volts 

Volts 

Volts 

Concentration KCy 






M 

-0 169 

-0 028 

-0124 

+0 56 

-0 146 

M 

-0 236 

-0 082 

-0124 

+0 34 

-0 120 

10 






M 

-0 236 

-0 116 

-0124 

+0 054 

+0 022 

100 






M 


-0 131 

-0124 

-0 008 

+0 050 

1,000 






M 


-0146 

-0124 



10,000 






M 


-0160 

-0184 



100,000 






M 


-0 160 

-0 104 



1,000,000 






“ (=H,0) 


-0 206 

-0 104 




Fig 18. 




Defl T 81° C Oinsty 
b Defl T ia°C Cliristy 
C Zeio T 1!)“ 0 Christy 
d Zero T 25° C ttOettingen 
e Zero I 25° C •yOetUugen 
X — log M 

y ».77». 0 058 log yp Voltbj 


+ 04 


+ 0.3 
1 + 02 


is: 


E.IV1 F OF IRON IN KCy SOLUTION. 

On the horizontal (x) axis are laid off the yalues of log. M = log 10“ ; on the 
yertical (7) axis, the actual volts 
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In order to bring out more clearly tbe nature of tlie relations 
existing between EMF of the dijferent metals, I have combined, 
from the plotted curves of each metal, what appear to be the 
most probable values for each metal These results are con- 
tained in Table XL 


Table XI . — Electromotive Force of Metals in Cyanide of 
Potassium Solution 


CONOENTEATION 

Combination of Most Peobable Values 

M = 10a 

Log lOn 

Zinc 

Copper 

Gold 

Silver 

Lead 

Mercury 

Iron 

M = 10 ® 

M = 10-1 

m: = io-2 

M = 10-« 

M = 10“® 

M=10-6 

Dist water 

0 

—1 

—2 

—3 

-4 

-5 

-6 

+0 945 
+0 870 
+0 775 
+0415 
+0 885 
+0 855 
+0 330 
+0 280 

+0 930 

+0 430 
-0 050 
-0 250 
-0 270 
-0 280 
-0 320 

+0 420 
+0 265 
+0 090 
-0 340 
—0450 
—0 565 
—0 620 
—0 720 

+0 340 
+0 195 
+0055 
—0 310 
—0 420 
—0460 
—0 495 
—0570 

+0 200 
+0160 
+0110 
+0 070 
+0 050 
+0 040 
+0 040 
+0 040 

+0 150 
+0 050 
+0 010 
—0190 
—0 590 
—0 600 
—0 635 
—0 640 

-0 030 
-0 090 
-0120 
-0 130 
-0140 
-0150 
-0160 
-0 200 


These results have been plotted in Fig. 19 These curves all 
show critical points at either log. M = — 2, — 3 or 4. Most 
of them show the greatest amount of inflection at log M = 
— 3. In fact, most of them seem to change in character at this 
point. According to the Hernst-Ostwald theory, this would be 

M 

explained by the assumption that below ^Cy, the dis- 

sociation of the complex ion containing the metal in point is 
practically complete, so that the osmotic pressure p of the given 
metallic ions in the dilute solutions becomes practically constant 

P 

below this point, so that as the ratio — is nearly constant, so its 

logarithm, and hence the voltage, becomes also nearly constant, 
as is shown in the figure 

The curves for lead and iron are very remarkable, at first 
quite low, they maintain themselves at a higher level than either 
of the other metals except zinc This is explainable on the 
supposition that the values of P for lead and iron are for these 
metals rather low, but that the values of p reach a nearly con- 
stant value sooner than for the other metals, so that the result- 
ing curves flatten earlier. 

These curves also show a number of remarkable crossings. 
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Copper, which starts at a voltage slightly less than that of 
zinc, rapidly falls off, crosses the curve of lead a little below 

log. M — — 2 5, and that of iron a little before log. M = 3.6^ 

and then remains permanently below these metals. The gold- 


Fig. 19 



ELECTROMOTIVE FORCE OF METALS 
IN POTASSIUM CYANIDE. 
Oombiaation of Host Piobable Values 


curve crosses the curves of mercury, silver and iron at just about 
log M = 2.5. Gold and silver both cross mercury again at 

about log. M = 3 5. Gold finally crosses mercury again at a 

point beyond log. M = — 6, and remams permanently below it 
after that. 




THE ELECTROMOTIVE EORCE OE METALS. 923 

It will be observed that the metals change their sequence from 
that of zinc, copper, gold, silver, lead, mercury, iron, which 

they possess in a or 6 5 per cent. KOy solution, to the order 

zinc, lead, iron, copper, silver, mercury, gold, in distilled water, 
which IS the usual electrochemical series in acid solutions quoted 
by Wilson except that iron is placed above lead The deter- 
mination of iron in my experiments was not entirely satisfac- 
tory, by reason, apparently, of the formation of films , and the 
results are probably too low. Water, also, appears to act like 
a weak alkali 

All the metals show a critical jioint somewhere between 
log M = — 3 and — 4, at which dilution they seem to change 
from the voltage due to the cyanide solution to that which they 
ordinarily possess 

From a study of these curves there seems to be little support 
for the so-called “ selective affinity ” of dilute cyanide solutions 
for gold and silver, except in the case of copper down to 
log. M = — 4, or 0 00065 per cent KCy. In the case of zinc, 
lead, iron and mercury the strong solutions give a better relative 
voltage in favor of the gold than do the dilute cyanide solutions. 
But in the case of coiiper, there seems to be a distinct advantage 
in favor of the gold in dilute solutions down to 0 00065 per 
cent. Then the curves widen again These facts will appear 
from the following table taken from the figure 


Table XII. — Differences in Electromotive Force Between Gold 
and Copper m Potassium Cyanide Solutions 


Loff M = Log 10“ 

Value of lOn 

KCy 

Difference Between 
Gold and Copper 

0 

1-^1 

Per cent 

65 

Volts 

0 51 

_1 

1^10 

0 65 

0 42 

-2 

1-^100 

0 065 

0 32 

-3 

1-^1,000 

0 0065 

0 30 

-4 

1-^10,000 

0 00065 

0 20 

-6 

1-^100,000 

0 000065 

0 30 

-6 

1-=- 1,000,000 

1 -7- Infinity (HjO) 

0 0000065 

0 34 

-00 

0 

0 40 


It should be remarked that if we had an independent method 
of determining the number of metallic ions in cyanide solu- 
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tionSj and were thus able to plot tlieEM^F in terms of the actual 
ionic concentration instead of the molecular concentration, we 
should probably reach a more perfect agreement with the 
logarithmic law than in the curves here shown. hTevertheless, 
even as it is, a general agreement is certainly evident. 

Relation Between the Strength of Oyanide Solutions and Their 
Dissolving Power. 

It has already been shown by Maclaurm,'*' that the dissolv- 
ing power of a cyanide solution saturated with oxygen increases 
with its strength until a strength of 5 or 10 per cent, is reached, 
and diminishes again as the strength in cyanide increases beyond 
that point But, so far as I am aware, no one has proposed the 
question “ At what point of dilution does the cyanide solution 
cease to act on the gold ?” 

According to the Hernst theory, gold should cease to dissolve 
in cyanide solutions, provided no force acts except its own solution- 
pressure, at the point at which its electromotive force is zero, for 
then its solution-pressure will be just balanced by the osmotic 
pressure of the ions already in solution. At this point (pro- 
vided no other force acts) the solution of the gold should cease. 

It seemed interesting to ascertain if there were such a point. 
In order to do so, it was necessary to expose the gold to the 
cyanide solution, in the presence of air, under circumstances 
most favorable for rapid solution. Hence I devised a rotating 
apparatus, consisting of three pairs of rollers, driven by a small 
Belton water-motor, on which a couple of 2|-liter bottles, such 
as are used for holding nitric acid, could be laid and rotated 
about their long axes. The number of revolutions of the middle 
axis being recorded, the distance traveled was known This 
precaution was taken to be able to allow for the irregularities 
of the motor. 

Standard strips of fine gold were prepared by repeated pre- 
cipitation with sulphurous acid from a diluted chloride solu- 
tion. These were rolled out thin and cut to a standard size of 
2 in by J in. They weighed from 260 to 330 mg., according to 
their thickness. The strips were boiled in sulphuric and muri- 
atic acids, washed, and ignited before use. The first set of ex- 
periments was undertaken with 2 liters of solution and J liter 


* Joum Ohem Soc , liiii , p. 731. 
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of air, the bottles being stoppered. The weighed gold strips 
were then added, the bottles were rotated for 24 hours, and 
the strips were then washed and dried and weighed again. The 
number of rotations made in 24 hours ranged from 4000 to 
24,000, and as the interior diameter of the bottles was 4^ in , 
the distance traveled in this time by the gold strip was from 
one to six miles. It was found impossible to get a uniform ro- 
tation-rate, owing to constant changes in the water supply. But 
so long as the solution was kept gently agitated these variations 
did not seem to have any appreciable ejffect on the result.'^ 
Table XEH. shows the results of these experiments. The 
first pair were undertaken with distilled water, to see if there 
was any loss due to erosion The apparent loss of 0.01 mg. 
was almost at the limit of accuracy of the balance, but seemed 
to show the possibility of a slight loss due to that cause It 
M 

will be observed that up to or 0 00325 per cent, the gold- 

loss IS merely nominal, never more than 0 29 mg., often zero , 
and the results vary in the most irregular manner. Xo. 18, 
M 

with ^ or 0.00065 per cent , gave a loss of zero, and ISTo. 
M 

20, with or 0.0016 per cent , only 0 08 mg It is believed 
M 

that these small losses below were chiefly mechanical. It 

was noted that while most of the bottles used were perfectly 
smooth inside, some seemed to have small sharp grains of sand, 
or slivers of glass, projecting above the smooth inner surface. 
In many cases it was impossible to detect these without break- 
ing the bottles. The loss in Ho 12, which was not rotated, 
cannot be set down to this cause. The explanation in this 
case, and perhaps in some others, may have been an imperfect 
mixing of the solution The solutions were made up by add- 
ing the proper volume of strong solution to the proper amount 
of distilled water. In case the mixture of the solutions was 
not thoroughly made before the gold strip was added, the gold 

* lu making these solubility-expenments, I was aided h7 my former assistant, 
now Assistant Professor, E A Hersam I wish also to acknowledge the aid of 
my present assistant, Mr Geo. E Young, in the preparation of the standard 
solutions used in these experiments, and of the illustrations 



926 


THE ELECTROMOTIVE FORCE OF METALS. 


Table Sill — Solubility of Gold in Oyamde of Varying Strength 

In twenty-four hours Gold strips, standard size Fine gold, 2 m x i in 
Weight, 250 to 330 mg 2| hter bottles, 4^ in diametei, making 4000 to 24,000 
revolutions in twenty-four hours, and contaimng 2 liters cyanide solution and 


^ liter air 


— 


KCy 

Per Cent 




No 

Strength of Cyanide 

tions m 

24 Hours 

m 24 Hrs , 
Milligrms 

Remarks 

1 

^== (HaO) 


24,46i 

0 01 


2 

^ = (HoO) 


13,595 

0 01 

New strip 

3 

M 

100,000 

0 000065 

15,403 

0 01 



M 

0000065 

10,344 

0 008 

II of 0 2 milligramme, the 

5 

100.000 

M 

60,000 

0 000109 

23,750 

0 00 

loss in 46 hours 

6 

M 

0 00013 

14,430 

0 00 



50,000 





7 

M 

50,000 

OC0013 

11,315 

0 06 


8 

M 

40,000 

0 00016 

7,920 

0 02 



M 

0 00016 

8,490 

Oil 



40,000 





10 

k 

0 00016 

10,180 

019 


40.000 

M 

30.000 

0 000216 

14,850 

/Not 

(.rotated 

0 02 


11 

12 

M 

30,000 

0 000216 

Oil 


13 

M 

0 000216 

8,030 

0 29 


80,000 





14 

M 

0000325 

6,490 

0 20 


20,000 





15 

JL. 

0 000325 

17,746 

0 01 

J# of loss in 45 hours 

20,000 





16 

M 

0 000325 

17,746 

0 025 

Same as above 

20,000 





17 

M 

0 00065 

9,780 

0 08 

Treated 24 hours 

10,000 

k 

0 00065 

9,780 

0 00 

Duplicate of No 17 

18 

10,000 





Total loss Nos 3 to 18 inclusive 

1 133 

Average loss, 0 07 mg 


M 

0 0016 

14,423 

0 26) 


19 

4000 


r 

Mean loss, 0 17 mg 


M 

0 0016 

14,423 

0 08) 


20 

4000 




21 

M 

2000 

0 00325 

14,423 

968 


22 

M 

0 0065 

4,260 

24 86) 


1000 



[ 

Mean of two, 23 03 mg 

23 

M 

0 0065 

4,260 

212l) 


1000 





24 

M 

0.013 

5,790 

8174) 


500 


f 

Mean of two, 84 60 mg 

25 

M 

500 

0013 

5,790 

8748) 


26 

M 

0 065 

5,270 

143 64) 


100 



Mean of two, 146 91 mg. 

27 

M 

0 065 

5,270 

150 18 ) 


100 
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would at first lie in a layer of stronger solution that might 
have a slight solvent effect until the dilution was effected hy 

rotation. The fact that the mean loss up to only 0 07 

mg ; that even at (Exp’t Fo. 18), no loss, and in 17o. 

20 a loss of only 0 08 mg. was obtained, renders it extremely 
probable that the solution-loss up to ^q ~ qqq 0,00065 per cent, 

IS absolutely ml. Thus ttlugJi is certain these exj>eri 7 nents deni- 
onstrate that for all practical purposes the cyanide of potassium 
solution ceases to act at a strength below 0.001 per cent 

Going to higher strengths we find a sudden iump at • 

^ 2000 ’ 

here the loss has risen to 9 68 mg , and beyond this it rapidly 
M 

increases ; the strips in the or 0.065 per cent, solution being 
eaten through in 24 hours. 

The next set of experiments was devised to show the effect of 
a smaller volume of cyanide solution, and an unlimited supply 
of air. The same bottles as before were used, but they con- 
tained only 500 cc. of solution, and were left open to the air so 
that the latter was free to enter. The results, as shown in 
Table XIV., are in general the same as before. Xo appre- 
M 

ciable loss occurs up to but at that point, and for greater 

strengths, the loss rapidly increases, finally rising a little higher 
than before In Experiments Xos. 4 and 6 the entire solution 
was filtered and the washed filter was scorified and cupelled. 
In Xo. 4, where the gold-loss was 0.07, none was found. In 
Xo. 6 (the loss being 0.23 mg.), 0.02 mg. of abraded gold was 
found. "W^hether the rest was fine enough to pass the filter, or 
was dissolved before the strong solution was diluted, is a con- 
jecture. 

The next experiments were made without agitation and in 
the following manner: The gold strips were suspended in 
perforated glass tubes just below the surface of the solution, so 
that although the solution was at rest, circulation by convec- 
tion was possible. The volume of the solution was 250 cc. 
The time of action was in each case 48 hours The losses are 
VOL xxx— 67 
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Table XW Solubility of Gfold in Potassium Gyanide of Varying 
Strength in Twenty-four Hoars, 


Standaid fine gold strips, 2 in X i m Weight, 250 to 330 mg 2i-litei 
bottles, 4J in diameter, making 4000 to 24,000 lerolutions in tvvent 7 -four horns. 
Half a liter cyanide solution, 2 liters air Fieely open to an 


No 

Strength of Cyanide 

KCy 

Per Cent 

Revolutions m 

24 Hours 

Gold Loss in 

24 IIouis, 
Milligrammes 

1 

|(=H.O) 


6110 

0 01 

2 



5110 

0 00 


M 

0 0005 

8440 

0 43 (0 

3 

12,800 






0 0005 

6600 

0 07^ 

4 

12,800 





M 

0 001 

8440 

0 19 

6 

6400 





M 

0 001 

6600 

0 23t 

6 

6400 





M 

0 0016 

6790 

0 16 

7 

4000 





M 

0 002 

5450 

0 44 

8 

3200 





M 

0 00325 

6790 

1 77 

9 

2000 





M 

0 004 

5450 

4 29 

10 

1600 





M 

0 008 

5540 

48 43 

11 

800 





M 

0 016 

5540 

74.96 

12 

400 





M 

0.0325 

28,230 

160 64 

13 

200 





M 

0 065 

28,230 

168.12 

14 

100 





given in Table XV. ; they are somewhat smaller than before, 
M M 

and again negligible below -zrHT^Tr. In this case was not 

1000 aOOO 

determined. The advantage of the position near the surface 
near the air is well shown in comparing hTos, 5 and 8. When 

M 

the gold was suspended near the surface of a solution, the 
loss was 21. 44 mg. in 48 hours, or nearly half a milligramme 

* In order to see whether or not these losses might not be due in part, or 
wholly due to abrasion, the solution was filtered and the filter scorified and 
cupelled. No gold was found in the filter 
f This solution was also treated as ahoye, and 0.02 mg of abraded gold was 
found. 
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per hour , when the strip was put at the bottom of the same 
volume of a similar solution, the total loss in the same time was 
only 8.70 mg , or hardly one-third as much. 

Table XV , — Solubility of Goldin Potassium Cyanide of Yarying 
Strength in Forty-eight Hours. At Best 

Standaid fine gold strips, 2 in. X J in Weight, 250 to 330 mg Suspended 
in open glass tubes, neai surface of 250 c c cyanide solution at rest, but so that 
convection cuiients weie possible 


No 

Strength, of Cyanide 

KCy 

Gold Loss in 




Milligrammes 

1 

M 

100,000 

M 

0 000065 

0 00 


0 00065 

0 06 


10,000 




M 

0 0065 

4 33 


1000 



4 

M 

0.008 

3 86 


800 



5 

AL 

0 016 

2144- 

400 



0 

M 

0 0325 

36 57 


200 




M 

0 065 

42 79 


100 




All these results have been plotted together with the volt- 
age of the gold in curves a, 6, c and d, in Tig. 20. According 
to the voltage-curve the voltage becomes zero for a cyanide 
solution of 0 00675 M, or about 0 044 per cent., and it is a 
curious fact that this is very near the limit of strength that 
practice has so far justified. JSTevertheless, solutions as low as 
0 01 per cent., and even less, have been employed in practice; 
and my experiments show that the solution acts perceptibly 

M M 

down as low as or 0.00825 per cent, and perhaps to 

or 0.0016 per cent KCy. 

An Apparent Contradiction — ^Although it will be seen that the 
solubility-curves all follow very closely the voltage-curve, the 
fact that action does not cease for the zero of potential of gold 


* 8 A similai experiment with same conditions as to strength and volume of 
solution as No 5, only that the strip of gold rested at the bottom of the vessel, 
gave a gold loss of only 8 7 mg. 
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in KCy solution seems to contradict the Kernst law. But this 
contradiction is only apparent and not real. It is part of the 
new theory that (except the infinitesimal amounts necessary to 
produce the state of static tension) ions cannot come into ex- 



istence or disappear except m pairs. That is, for every ion with 
a positive charge of electricity there must be one with an equal 
negative charge. Hence, when a positive ion appears, another 
positive ion must disappear, or else a negative one must also 


3 S of MKCy on the lower margin, and the corresponding percentages of KOy at the top, belong to ei 
b vertical line (i.c , to the 4th, 8th, 12th line, etc ) of subdivision These lines should have been m: 
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appear simultaneously (In the case of ions with varying val- 
ency, an ion having a double or treble valency is, of course, 
equivalent to two or three oppositely electrified univalent ions.) 

For instance, in my experiments for determining the electro- 
motive force of gold in potassium cyanide solution against the 
normal electrode, the couple is composed of 

Gold: ECy 
KCl,HgCl Eg* 

When the gold dissolves, the positive gold ions travel from the 
gold with their positive charge, and in order that the solution 
may continue, a similar flow of positive ions must continue 
by means of potassium ions through the solution to the mer- 
cury The potassium ions finally drive out some of the mercury 
ions which precipitate into the mercury forming the electrode, 
at the same time giving up their charge of positive electricity to 
it. Simultaneously there is a corresponding flow of negative 
ions in the opposite direction. Thus . first chlorine and then 
cyanogen move in the opposite direction to meet the gold, and 
the latter forms with the cyanogen the complex negative ion 
(AuCy,) (-.) Thus Au (+) +Cy (— ) +Cy (— ) = (AuCy^) (— ). 

The action of this couple will go on so long as the electromotive 
force of the combination is greater than zero, and, as we have seen in 
my experiments, long after the electromotive force of the gold 
in the dilute cyanide solution has become zero For the tend- 
ency of the mercury ions to discharge into the mercury elec- 
trode can only effect its purpose and cause a current by the 
simultaneous solution of the gold. That is, the tendency of 
the positively electrified ions of mercury to discharge themselves 
can cause the gold to dissolve long after its own electromotive 
force has ceased. 

The Mectromotive Force of the Oxygen of thje Air the Sufficient 
Cause of the Solution of Gold in Cyanide Solutions 

We have another substance at hand with a great tendency to 
form negative ions This is the oxygen of the air. In the 
presence of wmter, the molecule of oxygen, Og, tends to assume 
the ionic state, combining with water to form four negatively 
electrified ions, thus 0^ (±) + 2H,jO (i) = 4 (OH) ( — ). Or, 
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as lias been suggested by Traiibe, wben metals dissolve in tbe 
presence of oxygen, a molecule of tbe latter combines directly 
with two atoms of potentially nascent hydrogen thus Og + 2H 
= HjO^. Later, the peroxide of hydrogen dissociates into two 
negative hydroxyl ions, which, entering the solution with their 
negative charges of electricity, tend to produce a current in 
the same direction as the positively electrified mercury ions do 
when they leave the solution. That is, oxygen can play the 
same part in causing the solution of the gold as the mercury 
ions did in the normal electrode above eited. 

The controlling importance of an abundant supply of oxygen 
is well shown by the curves in Fig. 20 In curve c, although 
there is only one-fourth as much cyanide present as in curve 6, 
the amount of gold dissolved is greater, except for the very di- 
lute solutions. The evident reason is that the aeration is 
greater. The cyanide-supply being ample in both cases, the 
oxygen-supply determines the rate of solubility. For dilute 
solutions, the amount of dissolved oxygen being sufficient in 6, 
the greater volume of cyanide is the determining factor, and 
the amount dissolved in h is in this case greater than in c. 

Interesting confirmation of these views is found in Maclaunn’s 
experiments on the solubility of gold in a solution of cyanide of 
potassium saturated with oxygen.* He conducted two sets of 
experiments with gold strips in solutions of different strengths. 
The first set was left at rest for three hours, the second set 
was agitated. The losses are given in the following table • 

Table XVI. — Madaunn’s Table of Losses of Goldin KGy 
Saturated with Oxygen. 

At Best in Solution Saturated with Oxygen Time, Thiee Hours 


1 KCy, per cent 

1 

0 

10 

20 

i 30 

1 

40 

Gold loss, mg t . . . 

8 45 

13 55 

15 40 

11 15 

8 55 

58 


Agitated for Two Hours in Solution Saturated with Oxygen 


KCy, per cent.. 

1 

49 

94 

19 93 

29 9 

39 

47 3 

Gold loss, mg.J 

18 7 

47.2 

39 1 

31 4 

21 1 

14 2 

10 8 


* Journal Chemical Society, Ixiii , p 731 
t Curve A, Fig 21 


t Curve B, Fig 21. 
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Maclaurin deems the results in the second table more reliable 
than those in the first. In both it will be seen that there is a 
rapid increase of the dissolving power up to about 6 or 10 
per cent. KCy ; then it gradually falls off till at 50 per cent, the 
solubility of the gold is less than at 1 per cent. 

The importance of the remarkable relation thus discovered 
by Maclaurin has, I think, never before been aj)preciated Is it 
not a little remarkable that the strong cyanide solution should 
dissolve less gold than a weak one, while the electromotive 
force of the gold goes on steadily increasing ? 

But in the light of the new theory the reason is not far to 
seek, for at no time does the electromotive force of the gold rise 
high enough to displace without external aid any other positive 
ions, such as those of the potassium in the cyanide or the hy- 
drogen in the water; and unless this be done, the gold ions 
cannot continue to form, nor the gold to dissolve. Bor this 
reason (as Maclaurin, myself and others have shown), in the ab- 
sence of oxygen or some equivalent agency, gold does not dis- 
solve in cyanide solutions. In other words, unless some nega- 
tive ion like (OH) ( — ), (Cl) ( — ), or (Br) ( — ) is added, or some 
other positive ion as (K) (-f) etc. is removed by some external 
source of energy, the action cannot go on. Ordinarily the oxy- 
gen of the air furmshes this energy; as we have seen above, 
it dissolves in the solution and furnishes the negative ions nec- 
essary to cause the solution of the gold. 

Again, Maclaurin has found the key to the anomalous action 
of strong cyanide solutions It is m the fact which he demon- 
strated, that oxygen is less soluble in strong than in weak cyanide 
solutions. The following results for the solubility-coefficient of 
oxygen in KCy are plotted from his curves by interpolation. 


Table XYII . — Solubility of Oxygen in Solutions of KCy at 18° G. 
[Maclaurin ) 


Strength KCy, per cent 

1 

5 

10 

20 

30 

40 

50 

Solubility, per cent . 
Solubility, per cent * 

0 0296 
0 0290 

0 0235 
0 022 

0 019 

0 018 

0 014 
0 013 1 

0 0103 
0 008 

0 005 

0 003 


Curve C, Fig 21 
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From experaneats of Haclauiln. (T Qiem Soc 1893, pg 784) 
Heplotted, and Gold Voltage - Curve Added 
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I have replotted the results of the above experiments of Mae- 
laurin so as to make them more comparable with my own re- 
sults. I have replotted both the gold losses of Maclaurin and 
the second of his oxygen solubihty coefficients in !Fig 21 ; and 
I have also added the voltage-curve for gold from my own ex- 
periments. 

It is plain now, for the first time, why there should be a maxi- 
mum solubility somewhere between 5 and 10 per cent. There 
are two causes at work tending to dissolve the gold First, the 
electromotive force of the gold itself, which alone is insufficient 
for the purpose , and second, that of the hydroxyl ions If we 
suppose the latter proportional to the solubility of the oxygen, 
we see that the two forces operating to cause the solution of the 
gold tend to increase in inverse relation Further, that the 
electromotive force of the gold rises very rapidly till it gets to 
between 5 and 10 per cent and then rises very slowly after 
that, so that it has little effect on the solubility beyond that 
point The solubility of the oxygen (and, as we have as- 
sumed, of the hydroxyl ions) is a maximum for pure water, 
and sinks as the gold-voltage rises. It is at between 5 and 10 
per cent that these two factors give their maximum effect. 
Beyond that point, the solubility-curves of the solution for oxy- 
gen and for gold run along nearly parallel. 

hleither of these two factors alone is able to account for the 
maximum point in the solnbility-curve. If the presence of oxy- 
gen were the only cause, the maximum solubility would be with 
dilute solutions. If it were alone cine to the electromotive force 
of the gold, it would be greatest in strong solutions. As both 
act together, the maximum effect lies between these extremes. 

As far as I am aware, this inverse relation between the electro- 
motive force of gold, and that of oxygen in cyanide solutions of 
varying strength as a controlling factor in determining the sol- 
ubility of gold m such solutions has never been brought out be- 
fore, In a certain sense it is a turning-point in this discussion, 
and hence merits a little close attention. 

The ionizing tendency of oxygen has been measured by a 
cell containing a platinum electrode made absorbent for oxy- 
gen by coating it with platinum sponge * "When this is im- 


Le Blanc, JBlecii ockemtsfry, p 221 
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merged in oxygen at atmospheric pressure, and the end of the 
wire IS immersed in ^ sulphuric acid, and the latter is con- 
nected with the normal electrode, the mercury dissolves, and a 
positive current flows through the solution from the mercury to 
the platinum with a potential of 4- 0 'TS volt 

This current moves m the opposite direction to that due to 
the electromotive force of the mercury, viz * — 0.560 volt; 
conseq^uently the electromotive force of the oxygen at atmos- 
pheric pressure in contact with platinum sponge in ^ sulphuric 

acid is equal to the sum of these, or 1,31 volts. It is negative, 
or — 1.31 volts, since negative ions are produced, and the solu- 
tion is negatively electrified by them. 

If the above determination is correct, it follows that if, in- 
stead of the normal electrode in the above combination, we 
place a vessel containing a gold electrode and a solution of cy- 
anide of potassium so weak that the potential of the gold is not 
merely zero, but as low as that of the mercury, viz, — 0.560, 
it is plain that a similar voltage of + 0.76 should exist, but in 
this case the gold would dissolve instead of the mercury, and 
the positive current would flow through the solution from the 
gold to the platinum as before. In this ease it would be, of 

M 

course, necessary to interpose an — solution of II 2 SO 4 , KCl, 

or some other neutral salt, between KOy, to pre- 

vent their direct action with each other from interfering with 
the mere transfer of electromotive forces at the end of the line 
which we wish to effect. 

Kow gold does not absorb and ionize oxygen as readily as 
platinum does, but it acts similarly, though to a much less ex- 
tent. In order to test the correctness of these views, I took 
two small porcelain cups, B and 0, Fig. 22 , in which were 
immersed the two electrodes 5 and 0 . These were gold strips 
held in platinum-tipped forceps, connected in series with a 
reflecting galvanometer G of 3000 ohms resistance, including 
that of the cell, and a resistance E of 30,000 ohms. The solu- 
tion in either vessel is connected electrically by the liquid in 
the siphon C. 
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^ It IS very difficult to prepare, and impossible to keep, a cya- 
nide solution entirely free from oxygen, unless it isbermetically 
sealed. But the following method was selected as giving an 
approximation to it. A liter of distilled water was boiled 
under a filter-pump, and when most of the dissolved oxygen 
had been removed, cyanide of potassium was added, and the 
boiling was continued a few minutes, to drive out the air 



INVOLVED IN THE 

SOLUTION OF GOLD IN 
AERATED CYANIDE SOLUTION 


absorbed during the solution of the cyanide A cork was pro- 
vided with two tubes like those of an ordinary wash-bottle , 
and after inserting the long tube below the surface, a layer of 
paraffine oil was floated on to the surface to exclude the air. 
The tip of the discharge-tube was kept closed by a cork when 
not in use. It was easy, by blowing in through the short tube 
above the surface of the oil, to discharge any required amount 
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of the solution as required, hut of course each time this was 
done a small amount of air entered the solution. After cool- 
ing, the liquid was titrated and found to contain 0.62 per cent 
EOy. A similar 0.621 per cent. KCy solution was prepared and 
nearly saturated with oxygen. Through the galvanometer G- 
and the resistance E, a Latimer-Clark cell gave a deflection of 
7 scale-divisions In vessel B were placed 12 c.c. of boiled 
0.62 per cent. ECy solution and in 0 an equal volume of 0.621 
per cent. KCy solution containing oxygen On immersing the 
gold strips, the strip in B became negative, that is, the positive 
current flowed from B through the solution to 0, with an 
EMF = +0.02 volt. When the liquid in both B and 0 was 
covered with paraffine oil to exclude the air, the EMF rose to 
+0.108 volt. Ou gently shaking electrode o, the EME rose 
to +0.185 volt; on gently shaking B it fell to +0.08 volt 
(owing to absorbed oxygen) On cutting out the 30,000 ohms 
resistance, leaving that of the galvanometer (3000 ohms), the 
deflection rose to 6.5 scale-divisions, coming hack again on in- 
sertiug the resistance R to 0.6 scale-division or +0.12 volt. 
This gradually fell to 0.2 scale-division or +0.04 volt, where 
it remained for two hours. At the end of that time the resist- 
ance was cut out and the deflection rose to 2.6 scale-divisions, 
then, on shaking, 0 to 12 divisions; and then sank again to 
2.7, where it remained fairly steady for two hours longer. At 
the end of this time, four hours in all, the electrodes were re- 
moved and cleaned with gasoline and ether from the oil and 
solution ; and it was found that the electrodes had lost weight 
as follows : 

b lost 1.28 mg. ' 0 lost 1.73 mg. 

The solutions contained in the vessels B and 0 and in the 
siphon 0 were also assayed with the following results 

B contained 1.25 mg., 0 contained 1.68 mg., and 0 contained 
0.06 mg. of gold. 

The total loss of the electrodes was 3.01 mg., and that found 
was 2 99 mg. The difference of 0.02 mg. was probably lost in 
the washings of the electrodes, which were not saved. 

This experiment, corroborated by many others, shows clearly 
that the positive current flows from the deoxygenated to the 
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oxygenated cyanide, just as theory would indicate. The fact 
that more gold has dissolved in the oxygenated than in the de- 
oxygenated cyanide does not militate against the indication of 
the galvanometer. 

The solution of the gold in the vessel 0 is evidently due to 
the well-known ])henonienon of “local action.” The current 
that flows through the siphon has to overcome a resistance of 
from 3000 to 33,000 ohms, while local action can go on in the 
vessel 0 wherever an OH ( — ion comes in contact with gold 
and KOy. Here it forms a “ short circuit,” and it completes 
itself on the gold strip o at any point free from oxygen, without 
having to pass through the entire external circuit. 

It might he objected that the fact that 1.73 mg. of gold had 
dissolved in 0 as against 1.28 in B only went to prove that 
some oxygen had been contained in B, though less than in 0, 
and that the solution in each had been simply in proportion to 
the oxygen present. But this does not account for the ahso- 
liite verdict of the galvanometer, which shows that the positive 
current flowed during the entire experiment from strip b through 
the solution to the strip o. The only explanation that remains 
IS the one which I have suggested. There is no doubt that 
considerable local action went on in cell 0. That this was the 
case is also evidenced by the fact that the action was more uni- 
formly distributed over the surface of h, while the strip o was 
not uniformly acted on, but was eaten into in a remarkable 
manner These strips, and particularly some of those to be de- 
scribed later (with peroxide of hydrogen), were not corroded 
most upon the edges where one would naturally expect it, hut 
along vertical lines running up and down the middle of the 
strip. In some cases they were eaten through along these 
lines in such a manner that nothing remained hut a thin film 
like gold lace. It appeared that local action started in along 
these lines rather than at the edges, owing to differences of 
potential due to the distribution of the oxygen, and that when 
it had once set in, it was able to maintain itself. 

It is probable that in all cases of the solution of gold in 
aerated cyanide solutions the process, as in the above case, is 
one of local electrolytic action, though, as it is impossible in 
such a case to apply the galvanometer, it would he difficult to 
prove this proposition except by inference. 
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Ill all such experiments it is important to be certain that the 
gold strips are in the same physical state, since the existence 
of microscoiiic hlms or iinweighable traces of occluded gas 
cause an appreciable difference of potential in apparently similar 
gold strips. This is best tested by comparing the strips in 
the same solution They react similarly if they are carefully 
cleaned with boiling acid, and are then washed with distilled 
water and ignited to redness side by side in the muffle or over 
a Bunsen flame in a small porcelain dish. But if they are 
heated in different parts of the same Bunsen flame, they fre- 
quently show quite appreciable differences of potential due to 
occluded gases. 

The Effect of Hydrogen Peroxide 

The peroxide of hydrogen used was Marchand’s medicinal, 
containing 3.8 per cent of available peroxide, as determined by 
titration with permanganate of potassium. According to the 
new theory, the ITjO, (±) takes up from the gold strip o, which 
becomes positive, two units of negative electricity and dis- 
sociates into 2 (OH) ( — ) 

In the first experiment a — ^^7 solution containing the 

usual amount of absorbed oxygen was used, and 10 c.c. of this 
solution was placed both in B and in 0. Gold strips h and o 
were then placed in B and 0, and the siphon was inserted. 
Both strips showed themselves of the same potential. The 
siphon was removed and 6 c c. of water was added to B and 5 
c.c of hydrogen peroxide to 0. On inserting the siphon and 
the electrodes, h proved to be electronegative, that is, the solu- 
tion in B was electropositive by + 0.66 volt, in other words, 
the positive current flowed through the solution from 6 to o 

Another experiment was made with boiled water with 0.62 
per cent. that had been kept under in. of oil for a week. 
B and 0 were each filled with 10 c.c, of this solution, and the 
gold strips and siphon were inserted. The strips proved to be 
of the same potential. The siphon was then removed, and to 
B was added 2 c c of distilled water, and to 0 two c.c. of per- 
oxide of hydrogen. After mixing, on replacing the siphon, 
the voltage rose to + 0 57 volt. That is, the positive current 
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flowed through the solution from 6 to o. To exclude the air, 
a layer of paraffine oil about thick was floated over each 
solution before inserting the siphon. 

The resistance of 30,000 ohms was then cut out, leaving 
only that of the galvanometer (3000 ohms), and the needle 
which had previously shown a deflection of 2.6 scale-divisions 
was thrown out of sight (The limits of the scale used were 
21.0 scale-divisions.) After being thus short-circuited for an 
hour and a half, on throwing in again the 30,000 ohms resist- 
ance, the voltage of the combination showed itself to be still 
in the same direction, + 0 63 volt. The 30,000 ohms weie 
again cut out and the combination was again short-circuited 
overnight. In the morning some bubbles of gas from the 
action of the peroxide had collected m the upper part of the 
siphon, and had nearly cut oft the current But on removing 
and refilling the siphon the voltage still showed itself to he in 
the same direction, -t- 0 55 volt. The resistance of 30,000 
ohms was again cut out and that of the galvanometer only left 
in, and after 6|- hours more the electrodes w^ere taken out and 
cleaned and weighed. Total time, 23 hours 

The strip contained in B had lost 13.25 mg , while that in 0 
had lost only 9.20 mg Uoidently, in spite of the local action that 
had taken place in the vessel 0, more gold had dissolved in the vessel 
B in the absence of the oxidizing ageni^ than in 0 where the oxidizing 
agent was present. 

In order to determine how much of the loss in B might be 
due to dissolved oxygen which had leaked through, or by, the 
oil-cover into the cyanide solution since it had been made, a 
week previously, 10 c c of the same solution as that used in B 
was placed in a similar vessel, and a gold strip was immersed 
in it half-way, and the liquid was then covered wnth the par- 
affine oil just as had been done in B and 0. After 19| hours 
it had lost 4.28 mg. A similar strip entirely submerged below 
solution and oil lost, in 24 hours, 2 64 mg These experiments 
prove that some air had leaked through, or by, the oil cover 
It had been previously proved that if a thicker layer were used, 
it was possible practically to prevent altogether the ingress of 
oxygen and the solution of the gold In this case it was in- 
convenient to use a layer thicker than |-in But the experi- 
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ment also clearly shows that the amount of gold thus dissolved 
Iby absorbed oxygen is so much less than that shown by the h 
strip, that the solution must have been caused by the electro- 
motive forces of the combination in the manner I have explained. 

The same experiment was repeated exactly as before, except 
that to 10 c.e. of 0 62 per cent. KCy in B was added 1 c.c. of 
water and to 10 c.c. in O was added 1 c c. of peroxide of hydro- 
gen. At first the voltage was T 0.662 volt, rapidly falling to 
+ 0.63 volt. After cutting out all but 3000 ohms resistance for 
21 hours, the voltage, on adding the 80,000 ohms, proved to be 
still + 0.63 volt. After again cutting out the 80,000 ohms for 
27 hours, it still showed, on inserting it again, + 0.434, rising 
after resting a few minutes to + 0.456 volt. At this point, 
after a total of 47 hours, the electrodes were cleaned and 
weighed, and h was found to have lost 24.06 mg and o to have 
lost only 13.25 mg. Mere, again, the 'positive current has moved 
through the solution from b to o, and more gold has dissolved in the 
vessel containing no oxidizer, than in the one containing the oxidizer. 

In some other experiments with peroxide of hydrogen, 
there was more local action in 0, and the o strip lost as much, 
and in some cases even twice as much, as the h strip. The ex- 
act conditions governing this local action are still under inves- 
tigation. But in these cases, also, the galvanometer showed that the 
positive current was still flowing through the solution from the strip 
h to the strip o in contact with the cyanide containing the oxidizer, and 
thence hack through the gold strip o back again to b, the place of be- 
ginning. 

The course of the negative current may be traced from the 
gold strip 0 immersed in the oxygenated cyanide to the strip b 
immersed in the unoxygenated cyanide in two ways, as follows : 

1. According to Ostwald* the reaction Og + Hg == 40H 
produces 4 x 21,100 calories. Assuming this to be true, the 
oxygen molecule 0.^ forms with the water four negative hy- 
droxyl ions, 4 (OH) ( — ) ; these, assuming a negative charge 
from the electrode o, cause that end of the gold electrode to be 
positively electrified. How these negative ions travel through 
the solution, displacing at the other end of the line four nega- 
tively electrified cyanogen ions, 4 (Oy) ( — ), wAieh give up their 


Ghenmch Energ%e, p 956 . 
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negative cliarge at the other gold electrode 5, and thus enable 
four positive gold ions, 4 An (+), to go into solution there, form- 
ing with eight cyanogen ions four complex negative ions, 
4 (AuCy,) (— ) 

The water present may be regarded as not dissociated ap- 
preciably, and the dilute solution of cyanide of potassium as 
entirely so Making these assumptions, the principal reactions 
may be expressed as follows : 

O, (±) + 2H,0 (±) -f- 4Au (±) + 8K (4-) + 8 (Cy) (— ) = 8K (+) 
+ 40Ii ( — ) + 4 (AuCy,) ( — ). 

But this is equivalent to the so-called Ellsner reaction . 

0, + 2H,0 + 4Au + 8KCy = 4KAuCy, -r 4KH0, 

which Maclaurin'*' has proved to be quantitatively correct. 

2. The other view, following Traube, has been urged by 
Bodlaender, of the Clausthal Bergcikaclemie.^ He shows first, 
in agreement with Maclaurin and myself, that the reaction 

2 H 2 O -f 2Au 4- 4KCy = 2KAuCy2 + 2KH0 + 

proposed by MacArthur to explain the solution of cyanide of 
gold in cyanide solutions, is incorrect. Hext, he claims that the 
so-called Ellsner reaction really proceeds in two stages : 

(a) The hydrogen, which is not formed according to Mac- 
Arthur’s reaction, is, in the presence of cyanide of potassium, 
water, gold and oxygen, potentially nascent ; and a molecule of 
oxygen combines directly with two atoms of nascent hydrogen, 
forming hydrogen-peroxide, while two atoms of gold dissolve ; 
— thus 

O 2 4- 2 H 2 O + 2Au 4- 4E:Cy = 2 KAuGy 2 4- 2KH0 4- 

(b) Hext, the hydrogen peroxide gradually dissociates into 
hydroxyl, and causes the solution of two more atoms of gold 
thus ■ 

H 2 O 2 + 2Au -b 4K0y = ^KAnCy, -f 2KH0. 


* Jouu Chem Soe , vol Ixiii , p 728 
t Zeiischr f angewmdU Oheimte, 1896, p 583. 
VOL XXX. — 58 
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The sum of these two reactions is, of course, the same as 
that of the Ellsner reaction, which correctly expresses the end- 
result. 

When gold was rapidly dissolved in an aerated cyanide solu- 
tion, Bodlaender was able to detect as much as 72 3 per cent 
of the hydrogen-peroxide required by reaction (a) , and, as re- 
action (h) had probably already set in, this renders his explana- 
tion extremely probable 

Expressed m terms of the ions, reactions {a) and (h) become : 

{a) Ol±) + + 2Au(±) + 4K(+) + 4Cy(— ) = 4K(+) + 

2AuCy2(— ) + 20H(— ) + H302(i:) 

(&) H202(±)-}-2Au(=H)-|-4K(+)-f-4Cy(-)= 4E(+) + 2AuCy2(~-) 

-f 20H(— ). 

The flow of ions through the solution is the same as in the 
first case. On the whole, the second seems the more probable 
explanation, though either agrees with most of the facts.* 


While this paper was in pi ess, a paper on “ Freiwilhge Oxydation ” ( Anto- 
oxidation), by Dr Manchot, of Goettingen, has appeared, in which he has ex- 
amined the oxidation of a large number of phenol-derivatives, such as those used 
as developers in photography One of these derivatives, oxanthranol, was par- 
ticularly well adapted to give quantitative results, and he was able to prove that 
for every molecule of oxygen absorbed a molecule of hydrogen in the oxanthranol 
was oxidized, and a molecule of hydrogen-peroxide was foimed 
Kepresenting the organic radical byE, and the oxanthranol by EHa, he assumes 
that the reaction takes place as follows 

EHj -{- O2 = E -[- H2O2 

The organic radical, if unstable, is frequently still further oxidized in a second 
reaction by the hydrogen-peroxide thus formed 
It would appear that similar reactions ensue in the rusting of metals in damp 
air The rusting of iron, zinc, etc , is worthy of thorough study in the light of 
these new ideas 

It would seem that the modern electrochemical views necessitate a return, in 
part at least, to the ideas of Berzelius and Schoenbein They supposed that the 
same element was at times positively, and at other times negatively, electrified. 
This appears to be a consequence of the new view also Foi if we regard the 
oxygen molecule 02 (±;) as electrically neutral, this can only be the case when one 
of its atoms has a double positive and the other an equal negative charge By 
the attraction of these charges the molecule may be regarded as being held to- 
gether. Its real composition then would he 0( ) -j- O(-f--f-) On the other 

hand, two atoms of oxygen in the elemental state would be similarly electrified 
with negative electricity, thus 0( ), 0( ^), and would consequently repel 
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According to either of these views the new theory agrees 
quantitatively with the results of experiment, but offers for the 
first time a consistent explanation of its occurrence It is due 
to the superior electromotive force of the oxygen (or, in case they are 
present, to some other electronegative ions, as (OH) ( — ), Cl ( — ) 
Br ( — ), etc ), together with the capacity of the gold for forming com- 
plex ions with cyanogen. 

If instead of having the two ends of the gold strip immersed 
in two separate cyanide solutions, the strip is immersed in the 
same solution containing some dissolved oxygen, the same elec- 
trolytic action can still go on as a case of “local action;” for 
the couple 

Au KCy 
(OH) Au 

is still possible if we regard the gold to be short-circuited on 
itself, and the explanation given above still applies. 

When I began this investigation in 1896, 1 marked out for 
myself a much wider range of investigation than here outlined, 
and the course of its partial execution has suggested many 
other interesting questions, some of which are still under inves- 
tigation ; but the constant and pressing interruptions of routine- 
work have made it impossible to carry the work further at the 
present time. 

IV. — Conclusions. 

Whatever may be the nature of the objections that may he 
raised against the final acceptance of the modern electrolytic 
theory in its present form, it will, I think, be conceded that the 
following conclusions may be fairly drawn from the foregoing 

eaeli other Hence, to change an oxygen molecule mto two oxygen atoms would 
require four units of negative electricity 

On the othei hand, the hydrogen molecule would he composed as follows 
H(-h) -j-S( — ) , and to change it mto two hydiogen atoms H(+) and H(+) 
would requiie two units of positive electricity 

It would also seem necessary to assume that there is an inherent tendency in 
the oxygen molecule (due, perhaps, to some peculiarity of shape oi volume) to 
assume negative, and in the hydrogen molecule to assume positive, electricity m 
dissociating 

It would also appear as if a different result ought to be produced when neutral 
hydrogen molecules combme with a neutral oxygen molecule, from that which 
results from the combination of positively electrified hydiogen atoms with a neu- 
tral oxygen molecule This may be the key to the formation of water in the one 
case and hydrogen-peroxide in the other 
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1. That the new electrolytic theory explains in a remarkably 
complete manner the reason for the departure of metals im- 
mersed in cyanide solutions from the seo[nence of electromo- 
tive force which they present in acid solutions. 

2 . That it is the only theory ever presented that gives any clue 
to the remarkable aberration of cyanide solutions from all the 
usual chemical analogies. 

3. That it explains in an entirely adequate manner the rea- 
son for the reactions that go on when gold, silver and other 
metals are dissolved and precipitated from cyanide solutions. 

4. That the determination of the electromotive force of the 
metals in cyanide solutions under different conditions offers a 
means of research that is likely to be of great practical utility 
in determining the direction and intensity of chemical reac- 
tions, under fixed conditions, or in following them under chang- 
ing conditions, just as they occur. 

5. That the differences of electromotive force of metals in di- 
lute cyanide solutions do not give much support to the so-called 
“ selective affinity of dilute cyanide solutions for gold,” the only 
common metal that shows any indication of such favorable ac- 
tion being copper. 

6. It is probable that, in the absence of external electromo- 

M 

tive forces, an aerated cyanide solution less than — or 

0.00065 per cent, is without action on metallic gold. 

7. That for all practical purposes, an aerated cyanide solu- 
tion of less than 0.001 per cent, is without action on metallic 
gold. 

This study has led apparently far afield from the practical 
side of the cyanide process ; yet I hope that it may he of service 
in at least calling attention to the work of others who have 
toiled for many years in attempting to clear up some of the 
most subtle questions that have ever taxed the human mind. 
For I am firmly convinced that, in the long run, such work is 
always of the greatest practical service. In these days, the 
words of Ostwald have certainly come true • 

The science of to-day is the practice of to-morrow.” 
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Deep-Level Shafts on the Witwatersrand, with Remarks on 
a Method of Working the Greatest Number of Deep- 
Level Mines with the Fewest Possible Shafts. 

BY THOMAS HAIGHT LEGGETT, JOHANNESBURG, SOUTH AEEIOA 
(Canadian Meeting, August, 1900 ) 

I — The Deep-Level Shafts. 

The gold-deposits of the Witwatersrand (^Anglice, “ White 
Waters’ Range ”) are, as is well-known, more or less parallel 
and tilted sedimentary beds of quartz-pebble conglomerate 
impregnated with gold. These beds, however, are locally 
called “ reefs ” — a term equivalent in signification to the 
American ‘‘ledge” — and, like the latter, usually applied to 
lodes, though covering in practical usage all deposits of tabu- 
lar form. The first developments of the reefs of the Rand 
were naturally made along their outcrops. Since the mining 
law of the Transvaal does not confer upon locators the “ ex- 
tralateral right,” the property of each locator upon the outcrop 
or apex ends with the vertical planes drawn through the 
boundaries of the claim. Consequently those portions of the 
reefs which lie “ on the dip,” beyond these boundaries, are 
separately acquired by locating new surface-claims, and are 
usually to be mined only by means of vertical shafts, reaching 
the reefs at considerable depths The term “ deep-level proper- 
ties ” is given to such claims on the dip, and the “ deep-level 
shafts ” are the vertical shafts sunk in the hanging-wall of the 
Witwatersrand reefs, in contradistinction to the incline-shafts 
almost universally employed on the outcrop-properties 

Number and Distribution . — The accompanying diagram, Plate 
I., shows the number and depth of these deep-level shafts, 
completed or under process of sinking, up to January 1, 1900. 
A number of shafts already located upon new deep-level proper- 
ties, but upon which no work has yet been done, are not in- 
cluded in this diagram.* Yertical shafts sunk upon outcrop- 


Practically no deep-level shaft-sinking has been done since Oct 1, 1899, 
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properties to develop deep-level ground, as in the Wolhuter, the 
Treasury, the Simmer & Jack Proprietary, and other mines, 
are included, as these are properly deep-level shafts, although 
the area developed is part and parcel of an outcrop-company. 

With the exception of the shafts of the deep-level properties, 
for which the writer is cousultmg engineer, the data regarding 
the remainder have been courteously hirnished by the consulting 
engineers and mine managers in whose charge they are. 

In some cases it will be noticed that no estimate of depth to 
the reef has been given, and that distances from the outcrop 
are only approximate. These uncertainties are due partly to 
the fact that this diagram has necessarily been compiled in 
Cape Town, while many engineers have left their maps and 
other office data in Johannesburg, where they are now iiiac- 
eessihle, and partly to faults, dikes or other underground dis- 
turbances which have so dislocated the reef as to make the 
eiigineer-in-charge most cautious about placing any estimate 
upon the reef-depth. 

The tables on page 949 summarize this deep-level shaft-work 
to date. The shafts are grouped with reference, first, to their 
horizontal distance from the main reef outcrop ; secondly, to the 
depth of the main reef from the surface ; and, thirdly, to the 
row of deep-level properties in which they are located, those 
properties Ijfing next to the outcrop mines constituting the first 
row. The general term “Main Reef” is used to designate the 
most northerly and hence the deepest reef to be cut by the 
shaft. In the central Rand this is the Main reef, in the east- 
ern Rand it is the Rorth reef, in the extreme eastern flank the 
Van Ryn reef, in the Western Rand the Bothas reef, and in 
the extreme western flank the Randfontein reef 

Irregularities of Beefs in Dip and Strike . — ^It will be noticed that 
there is a considerable difference in the depths of the shafts situ- 
ated comparatively close to the outcrop This is due to the great 
variation in the dip of the reefs near the surface. In order to 
obtain the average dip of the reef from the outcrop to any 
given shaft, the line in the latter representing the reef must be 
connected with the Main Reef outcrop (Ho. 1 at the top of the 
diagram). The reef-series flattens on the flanks of the Rand, 
both east and west, where the dip is sometimes as slight as 6°, 
and may be said to average from 18® to 20°. In the middle 



In tins (liagiam, the difieient shafts have been indicated by nuinbcis, as it wai imprac- 
ticable to engiave the names on so small a scale The following list gives these numbers in 
order, with the names of the conespondiug shafts The figuies in parenthesis after each 
name give in feet the hoiizontal distance of the shaft fiom No 1, the Main reef outciop 
1 Outcrop of Mam leef (called also, accoiding to locality, North, Van Eyn, Botha’s 
and Eandfontein leef), 2 Nouise Deep, No 3 shaft (510); 3 Nourse Deep, No 1 
shaft (520) , 4 Village Mam reef, east shaft (520) , 5 Benoni, east shaft (750) ; 6 Nouise 
Deep, No 2 shaft (820) , 7 Tieasury, veitical shaft (850) , 8 Bonanza, mam shaft 
(920) , 9 Lancastei, No 1 Botha shaft (1000) ; 10 Eoodepooit Deep (now E U M 
R ) D. L shaft (lOi'iO) , 11 French Kand mines, new vertical shaft (1030) ; 12 French 
Rand mines, Van Hesseit shaft (1030) ; 13. Simmer and Jack Proprietary, No 3 D 
L shaft (1060) , 14 Benoni, west shaft (1060) , 15. Lancaster, No 2 Botha shaft (1125) , 
16 West Eoodepooit Deep, west shaft (1200), 17 New Modderfontem, east shaft 
(1200) , 18. Witwatersrand Deep, east shaft (1215), 19 Wolhutei, D L shaft (1223) , 
20 Eose Deep, No 1 (east) shaft (1310), 21 Witwatersrand Deep, west shaft (1350) , 
22 Vogelstruis Consolidated Deep, east shaft (1400) ; 23. Simmer and Jack Proprietary 
cyanide shaft (1420) , 24 Grown Deep, No. 1 (east) shaft (1420) , 25 Feireira Deep, 
No 1 (east) shaft (1450) , 26 Ferreiia Deep, No 2 (west) shaft (1500) , 27 Lang- 
laagteDeep, No 2 (west) shaft (1500), 28 Geldenhuis Deep, No. 1 (east) shaft (1550), 
29 Village Main leef, mam shaft (1550) , 30 Jumpus Deep, No 1 (east) shaft (1670), 
31 Glen Deep, No 1 (east) shaft (1700) , 32 Vogelstruis Consolidated Deep, central shaft 
(1745) , 33 Eose Deep, No 2 (west) shaft (1760) ; 34 Glen Deep, No 2 (west) shaft 
(1800), 35 Langlaagte Deep, No 1 (east) shaft (1850), 36 Mam reef, west, east shaft 
(1900) , 37 Simmer and Jack Propiietary, No. 1 D L shaft (1950) , 38 Crown Deep, 
No 2 (west) shaft (2020) , 39 Mam reef Deep, west shaft (2040) , 40 Geldenhuis Deep, 
No 2 (west) shaft (2070) ; 41 Jumpus Deep, No 2 (west) shaft (2150) , 42 Vogelstruis 
Consolidated Deep, west shaft (2190) , 43 Eleinfontein Central, west shaft (2300) , 44 
Bohmson Central Deep, mam shaft (2320) , 45 Durban Eoodepoort Deep, No 2 (west) 
shaft (2350) , 46. Duiban Eoodepoort Deep, No 1 (east) shaft (2850) , 47 Knight’s Deep, 
Robertson shaft (2400) , 48. Simmei and Jack Propnetary, No 2 D L shaft (2410) , 
49 Mam reef, east shaft (2435) , 50 West Eoodepoort Deep, east shaft (2532) , 51 Eoode- 
poort Central Deep, main shaft (2600), 52 Knight’s Deep, Connor shaft (2600), 53 
Mam Reef East and Deep, joint shaft (2700) , 54 South Nourse Deep, No 2 (west) shaft 
(2870) , 55 Klemfontein Central, east shaft (3030) , 56 South Nourse Deep, No 1 (east) 
shaft (3030) , 57. Village Deep, No 1 (east) shaft (3100) , 68 Robinson Deep, No 2 (west) 
shaft (3200) , 59 Tudor, No 1 (east) shaft (3210) , 60 Tudoi, No 2 (west) shaft (3210) , 
61 Village Deep, No 2 (west) shaft (3400) , 62 Lancaster, Botha central shaft (4000) , 
63 Cmdeiella Deep, mam shaft (4000) , 64 Eobinson Deep, east shaft (4080) , 65 Lan- 
caster west, Botha Deep shaft (4100) , 66 South Geldenhuis Deep, Milner shaft (4160) , 
67 Angelo Deep, west sliaft (4260) , 68, Angelo Deep, east shaft (4350) ; 69 Knight Cen- 
tial, west shaft (4470) , 70 South Geldenhuis Deep, Rhodes shaft (4500) , 71 South Rose 
Deep, Rudd shaft (4540) , 72, Simmer and Jack east, Hammond shaft (4830) , 73 South 
Rose Deep, Clements shaft (4880) , 74 Knight Central, east shaft (4937) , 75 Simmei and 
Jack east, Lolise shaft (5080) , 76 Simmer and Jack west, Ho waid shaft (5340), 77 Simmer 
and Jack west, Webb shaft (5640) , 78 Jupiter, Sapte shaft (5660) ; 79 Jupiter Catlm 
shaft (6280) , 80 Rand Victoila mines, Albert shaft (8090) , 81 Band Victoria mines 
and east. Union shaft (8100) , 82 Band Victoria east, Victoria shaft (8150) , 83 Turf Club 
^ Syndicate, east shaft borehole (8565) ; 84 Turf Club Syndicate, west shaft borehole (8575) 
The thin lines indicate the estimated ultimate depths of the shafts The heavy portions 
show the depths sunk to date Dotted lines between airow-heads cover the depths within 
which the reef is assumed to lie The following abbreviations are used B R , Botha’s 
reef , M R , Main reef , N R , North reef , V R , Van Ryn leef , S R , South reef 
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Table I. — Shafts Grouped According to Their Distances from 
the Mam Reef Outcrop. 


Distance pkom Outcrop in Feet 


Fiom 

To 

Shatts 

0 

1,000 

9 

1,000 

2,000 

2,000 

27 

3,000 

17 

3,000 

4,000 

9 

4,000 

5,000 

11 

5,000 

6,000 

4 

6,000 

7,000 

1 

7.000 

8.000 

8,000 

9,000 

3 

Total 


81 


Table II. — Shafts Grouped According to Their Depths 


Ultimate Depths in Feet 

Number of 
Shafts 

Fropi 

To 

400 

1,000 

20 

1,000 

1,500 

22 

1,500 

2,000 

13 

2,000 

2,500 

10 

2,500 

3,000 

7 

3,000 

3,500 

1 

3,500 

4,000 


4,000 

4,500 

2 

4,500 

5,000 

3 



78 


No estimate of 



depth 

8 

Total 


81 


Table III — Shafts Grouped in Rows. 


Row 

Number of 
Shafts 

sift 

S-g 

Ultibiate 
Depths Feet 

Average Ulti- 
mate Depth 
Feet 

£50 

Prom 

To 

Fust row of deep-level properties, includ- 






ing Simmer and Jack outcrop . 

54 

1,730 

430 

2,505 

1,189 

Omitted from lack of data . . .. 

1 





Second row of deep-level properties . . 

21 

4,162 

1,920 

4,100 

2,611 

Omitted from lack of data. . • 

2 





Third row of deep-level properties 

3 

8,113 

4,000 

5,000 

4,500 


—Properties whicli correspond to tlie second row of deep-levels in dis- 
tance fiom reef outcrop and depth of reef are placed in that category although 
they adjoin outcrop-properties 
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of tlie Eand it is miicli steeper, being from 50° to 60°, while 
ill the Henry Konrse the dip is almost yertical, continuing so 
for nearly a thousand feet in depth, so that a single row of 
claims (the dimensions of one claim being 150 Cape feet* along 
the strike by 400 Cape feet on the dip) constitutes the major 
portion of the outcrop-property, while the Hoiirse Deep shafts 
are within a stone’s throw of those of the outcrop-property, 
this being the only instance of the kind on the Rand. In this 
case, the extremely steep dip is due to unusually extensive in- 
trusions of eruptive dikes, which have caused an excessive up- 
tilting of the strata, as is shown hy the development work in 
the Hourse Deep property, where the normal dip of 25° to 30° 
is resumed at a distance from the outcrop and depth from the 
surface of less than 1600 feet. 

The sedimentary strata of quartzitic sandstones composing 
the "Witwatersrand have been so dislocated and twisted by 
faults and dikes as to cause very great variations in clip, mak- 
ing it essential to study each locality specially, when it is 
desired to lay out deep-level shafts. Even then, the estimate 
of reef-depth remains more or less uncertain, because these 
dislocations may exist underground with little or no surface- 
indication of their presence 

The general statement made above, that the reefs and enclos- 
ing strata dip more steeply in the middle of the Rand, at and 
near J ohannesbnrg, and flatten on the flanks east and west, is 
subject to some local exceptions. Thus, on the east, in the 
Hew Chimes and Modderfontein mines, the dip is from 70° to 
80° from the horizontal for a distance of several hundred 
yards , and on the west, in the Randfontein mines, where the 
dip averages about 60° for several miles along the strike, and 
in some places is vertical or even reversed. These exceptional 
steep clips on the flanks of the Rand are uudonbteclly cine to 
local faulting and displacement. 

Methods of Locating Shafts — ^In locating, on such ground, 
deep-level shafts over the dip, the engineer must determine, if 
possible, to what depth the faulting has aff'eeted the normal 
dip, or, perhaps, displaced the reefs; and where the surface 
indications are not sufficient to permit a reasonably accurate 


One Cape foot= 1 033 English feet 
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estimate, he has no other course hut to sink one or more pre- 
liminary diamond-drill bore-holes. There are, however, other 
reasons for such drilling before the sinking of such very deep 
shafts as will be required in the ground now about to be devel- 
oped on the Rand. For hoisting from depths of 3000 ft. and 
more, the magnitude of the shaft-equipment is such that it 
must be ordered some months, if not years, before it is actually 
required, in order to avoid unnecessary delay in the work. It 
is vitally important to know, therefore, in advance, whether an 
engine to hoist from 3000, or from 4000, 5000 or 6000 ft , 
will be required. Development in the deep-level mines has 
already shown up-throws of the reef as great as 800 ft. , and, 
on the other hand, there are instances in which the shafts 
have passed as far as that beyond the point where the reef was 
expected to be cut, without encountering it While a single 
bore-hole has little value as a test of the gold-contents of the 
reef, it has the greatest value as regards the depth of the reef 
from the surface, provided the ground be not broken up to 
such a degree as to prevent the recognition of the reef when 
its position has been reached. 

Even where the ground is thus broken, it is often the case 
that parallel reefs (such as the Livingstone reefs in the eastern 
part of the Eand, lying about 800 feet above the Main reef 
series) can be located with sufficient accuracy to form a 
fairly close estimate of the position of the Main reef series. It 
is, of course, better (and, in fact, it is the usual practice) to 
sink two bote-holes simultaneously, in order that if an irreme- 
diable accident should happen to one of them, or the drill in 
one should strike broken ground where the reef was expected, 
the desired information may be obtained from the other with- 
out the loss of time which a new boring would involve 

In 1899, before the war, reliable diamond-drill contractors 
could be found to sink bore-holes to 4000 ft at 42s. 6d per ft 
throughout, equal to a cost of £8500, or, for two holes, £17,- 
000, for drilling alone. This amount would be increased by 
£1000 for the pay of a core-attendant, office-expenses, etc., 
making the cost per hole at the above rates £9000, while the 
time occupied would be from ten months to a year. It is 
likely that these prices will be reduced in the future. But, 
although they seem very high, yet in comparison with the 
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expenditure for development and equipment of the first row of 
deep-level mines, which averages from £500,000 to £600,000 
before a single stamp is dropped or an ounce of gold is recov- 
ered, this expense of preliminary exploration is not excessive. 
In fact, the most serious consideration is the time occupied , 
but this, in the majority of instances, is fully offset by the 
value of the information obtained. 

For the purpose of calculating the ore-tonnage of any piece 
of deep-level ground, or of making a rough estimate of reef- 
depth, it may be said that underground developments, to date, 
warrant the assumption of an average dip of S0° in such 
ground. 

From the foregoing it is evident that, in estimating the ap- 
proximate reef-depth m any given area of deep-level ground, it 
is necessary to he guided by the local conditions of dip at the 
outcrop, and in the immediate vicinity of the ground in ques- 
tion The method adopted for such estimates of reef-depth is 
as follows . Establish a line of section as near as may he at 
right-angles to the reef-outcrop After carefully surveying all 
outcrops on or near the line of section, and recording their 
dips and strikes, the true horizontal distances between the 
reefs represented by the various points surveyed are obtained 
in the following manner . 

Let A, B, G, etc.. Fig. 1, he the observed points, with the 
strikes shown at each. In order to obtain the horizontal dis- 
tance between the strata A and B, draw A 0 and 3 0 through 
the points A and B at right-angles to the observed strikes. 
From 0, where these normals intersect, describe ivith the 
radius 0 B a circle cutting 0 A. at B',* then B' A is the hori- 
zontal distance between these strata. Similarly the horizontal 
distance between strata 3 and G is B O'. Prom B' lay off on the 
line of section B' 0^', equal to B C' ; and so proceed, referring 
to the line or plane of section all the observed strikes 

Having thus obtained the horizontal distances along the line 
of section between the points observed, the reef-curve is ob- 
tained as follows : 

Along the horizontal line X Y, Pig. 2, lay off the points A, 
B, C, I), etc., according to the horizontal distances between 
these points in Pig. 1, and show the observed dips, a, b, c, d, 
etc. In order to find the thickness of rock between A and B, 
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draw A 0, B 0, uormal to the dips at A and B, and intersect- 
ing at 0. With center 0 and radius 0 A, describe a circle 


Fig 1 

REEF OUTCROJ® 



Diagram, Showing Method of Determining Horizontal 
Distances between Beefs 


cutting 0 B produced at B'; then B B' represents the thick- 
ness of rock between A and B Similarly 0 C' represents the 
thickness of rock between B and 0. Thus the thickness of 
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rock between A and 0 = B B' + C C' = C OA In a similar 
way the point D" is obtained. It will be noticed that the in- 
tersection of the normals to the dips at C and D falls below the 
line XY, showing that the dip has steepened from C to D. 



Diagram, Showing Method of Determining Eeef-Curve 


Mr. 0 Horst, of my staff" farther elaborates this method as 
follows : 

“In general practice, the differences between successive strikes and dips are 
almost always so small that it is very inconvenient to obtain the horizontal dis- 
tances and thickness of rock between successive points by a graphic method, 
owing to the lengths of the normals before they intersect To obviate this diffi- 
culty the required lengths are obtained by calculation as follows * 
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Diagram, Showing Mr Hoist’s Method of Calculating the Eeef-Curve 


“ The distance A B (Fig 3) and the angles a and b, being given as data, angle 
OAB = 90° — a; and angle 0 B A — 90° -f- 6 , therefore angle A 0 B = a — b, 
and, since 0 B' = 0 A, it follows that BB' = OA — OB 

_ A B sin (90° -f- i) — A B sin (90° — a) 

~ sin (a — 6) 

AB „ /180° — a-fA\ /« + 

= ^ 2 I 2 i ““ 

/a- — b\ /a-{-b\ 

2 A B sin ( — ^ J sin i J 

2 sin (^) cos (^4^) 


“ Or, graphically, from A lay off an angle O A B' = 2 > intersecting 

0 B' at B' , which it must do, since 0 A B' is an isosceles triangle, with each 
180° — a-ffe „ 

angle at the base = } [180° — (a — 6)] = 2 


The diagram, Fig 4, shows a series of reef-curves traced by 
the above method. From such a diagram, the depth of reefs 
below any given point on the line of section can be estimated 
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In this diagram, the outcrops are as follows (the distance, in 
feet, of each outcrop from the main reef being given in paren- 
thesis) • 

a Main reef (0); h South reef (160); c sandstone (560), 
d. sandstone (1000) , e. sandstone (1200) , /. Livingstone reef 
series (1600 to 1700), g. sandstone (2160) ; h. Bird reef series 
(2900 to 3600); i sandstone (4180),^ sandstone (5200) ; k 
sandstone (6700), 1. Kimberley reef series (6300 to 7000), m 
sandstone (7260); n sandstone (8300); o sandstone (9500), 
j). sandstone (10,960); q sandstone (13,490), r sandstone 
(14,160), s. sandstone (16,060); t. sandstone (16,960) 

Future Deep Mining . — ^In the writer’s judgment, it would be 
premature to forecast at this time the ultimate depth to be 
reached by mining on the dip of the lY^itwatersrand reefs It 
IS interesting to note that shafts have been started already with 
a possible ultimate depth of 6000 ft. , and the tenders invited 
for the permanent hoisting-engines to equip these shafts call for 
capacity to work from that depth. It is now pretty generally 
believed by engineers that the development of mechanical appli- 
ances for deep mining will keep pace with the requirements , 
hence the mechanical problems involved in mining at depths 
in excess of this figure may safely be left until mines work- 
ing at 3000 to 4000 ft. in depth are paying dividends Be- 
yond this, it is certainly not necessary to go at present; for, 
although progress in the direction of deep mining upon the 
Rand has been startlingly rapid, it is still the logical result of 
underground development; — of the yield of gold and the 
profits obtained from deep-level mines now in the producing 
stage 

Public confidence in deep-level mining upon the Rand may 
be said to have been firmly established by the results ob- 
tained from the first and second row of deep-levels; and, 
if we now turn towards the 4000- to 6000-ft. deep-level 
areas in the confident hope of accomphshing similar results, 
certainly the development of still deeper areas is not likely 
to be undertaken for some years to come, or until the crux 
of the whole question, namely, the profitable character of the 
deposits, has been fairly well demonstrated at the depths first 
mentioned. 

It is to this all-important point that such writers as Mr. 
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John Yates* give, perhaps, least attention— possibly, for the 
very good reason that notliing' is known of it at the depths, 
such as 12,000 ft., of which he writes. Engineers who hare to 
face the financial expenditures, as well as the mining problems 
involved in working at present depths, may he pardoned for 
feeling some surprise at the facility with which this writer fig- 
ures the cost of sinking very deep shafts and inclines, and the 
exactitude with which he calculates the cost of different methods 
of deep hoisting, withiu differences of hd. and 7cZ per ton. 
That the working-costs of the first row of deep-level mines are 
greater than those of the onterop-companies is now an estab- 
lished fact, as can he seen by anyone who chooses to consult 
the annual reports of the companies in question ; and, although 
the shafts of the first row of deep-level mines average hut 1189 
ft. Ill depth, this difference of operating expense is measured, 
not in pence, hut in shillings per ton That it will he reduced 
in the future is certain , nevertheless, the decrease must be the 
result of time and improved conditions. Still deeper mining 
will be similarly affected , but it is yet too early to calculate 
with any accuracy the cost of hoisting or of any other mining 
work at such extreme depths. 

As to the increase of rock-temperature with depth, the writer 
confesses that, although in charge of a number of deep-level 
shafts, he has never made experiments to determine this point, 
which he considers to be a theoretical bugbear, having little 
practical bearing upon the ultimate depth to which mining will 
"he carried. In the thick body of sedimentary qnartzitic sand- 
stones enclosing the Witwatersi-aud reefs, it is reasonable to ex- 
pect hut a slight increase of rock-temperature at depths of 
6000 to 8000 ft, from the surface. The increase of air-tempera- 
ture will be due less to this cause than to the higher barometric 
pressure and atmospheric stagnation, and can unquestionably 
be largely reduced by proper ventilation. There are to-day 
shafts from 1000 to 2000 ft. deeper than those in which the 
temperature-observations were made, which determined for the 
Rand the oft-quoted increase of 1® E. per 203 ft. While the 
writer has no reason to question the accuracy of the methods 

* “ Mining on t he Witwatersrand to 12,000 ft Deep” A paper read befoie 
the South Africa’^i Association of Engineers, and reprinted in the JV" Y. Eng and 
Mm. Jow , Septj 16, 1899, vol Ixviu , pp. 332, 337 
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adopted to establish this figure, lie believes that the observa- 
tions were not extended over a sufficient area, that is, were not 
taken in a sufficient number of shafts along the Rand, or to the 
greatest possible depths obtainable, to command complete ac- 
ceptance of the results, as factors in actual mining. It will be 
time enough to cross the heat-limit bridge when we get to it ; 
and certainly the indications are that it is yet a long way off 

The chief limitations to very deep mining on the Rand will 
be first, possible poverty of the reefs in gold, secondly, a 
possible thinning out of the reefs themselves, which would be 
equivalent in effect to the first-mentioned cause , thirdly, the 
possibility of encountering great amounts of water. 

Examinations of deep-level properties thus far do not indi- 
cate a decrease of gold-contents with depth. The deep levels 
opened hitherto are, as a rule, equal in value to the mines of 
the outcrop-companies opposite them. Sometimes the yield 
per ton is smaller than that of the outcrop-companies, and some- 
times larger ; but these differences are often due to the unequal 
amounts of waste sorted out in the two mines 

The possible general thinning-out of the reefs themselves, 
thereby decreasing the gold-contents for a given area, and in- 
creasing the cost of mining, is likewise not indicated by devel- 
opments so far. While such a thinning-out has happened in 
one or two of the second row of deep-level mines, it was also 
the case in the early stages of development of the first row of 
deep-levels. W'lth the great and unceasing energy usual on the 
Rand, development in these cases was pushed on, and showed 
the thinning of the reefs to be only local. In the majority of 
the first row of deep-levels, from 5 to I miles of exploration 
and development-work was accomplished, and several hundred 
thousand pounds were expended underground, before a single 
stamp was dropped — ^with the result that wide bodies of reef were 
encountered as well as thin ones, and an average grade of ore 
was obtained almost at the outset, and maintained month after 
month. There is no reason to doubt that the same policy ap- 
plied to the second row of deep-levels will give similar results ; 
and it IS worthy of note that in the one or two instances al- 
luded to, where thinning of the reef occurs, only a few thou- 
sand feet of development has as yet been accomplished. 

The possibility of trouble from water is happily very remote. 

VOL. XXX —59 
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In only one of the deep-level shafts, namely, in the East or “ Con- 
nor ” shaft of the Knights Deep property, has water become a 
very serious feature This shaft is about 1220 feet deep, and 
from f million to million gallons of water per day have been 
pumped and hoisted from it during the past two years. When 
pumping-operations had to be stopped on account of the war, 
the water rose to within 200 feet of the shaft-collar, indicating 
that, thus far, only abont that depth of country had been drained. 
This shaft, however, is such a startling exception to the general 
experience oil the Rand that it may he considered as proving 
the rule that water will not prove a serious drawback to very 
deep mining 

Dmimsions and Gonstruction of Shafts . — ^In the early stages of 
deep-level shaft-sinking on the Rand the depths to the reef 
were comparatively small, and all sizes and dimensions of shafts 
will he found in the first row of deep-level mines. When deeper 
shafts had to he sunk, it became advisable to adopt a uniform 
size of shaft, if only for the sake of the advantage of ordering 
the same sizes of shaft-timbers from the timber-merchants. 
With this object m view, a meeting of the leading consulting 
engineers and general managers was held, the result of which 
was the adoption of the size of shaft and dimensions of timbers 
shown in Eigs. 5, 6 and 7. The majority of the shafts started 
several years ago, and proportioned for depths of 2000 ft. and 
over, are five-compartment shafts containing four hoisting-com- 
partments and one pump-and-ladder-way. The hoisting-com- 
partments have varied from 4 by 6 to by 6 ft., which came 
to be recognized as a had proportion , hence in the new shafts 
they are made 6 by 6 ft., with a 6|- by 6 ft. pump-and-ladder- 
way, The advantages of balanced hoisting and of two hoisting- 
engines for deep work are self-evident ; and while the pump- 
and-ladder-way is larger than is required for the air- and water- 
mains (especially since electric pumping with stations 600 to 
1000 feet apart has been almost univerally adopted in these 
shafts), the additional space in this compartment is useful as 
permitting the installation of a separate cage for the handling 
of air- and water-mains, electric cables, pumps, and any general 
shaft-work, without interruptmg the regular hoistiug-work of 
the mine. Aside from this, the additional area of the shaft is 
a distinct aid in reducing the velocity of the air-currents, es- 
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Collai-Set for Deep-Level Shaft Plan 
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Collar-Set for Deep-Level Shaft Vertical Section through C — D, Fig 7 
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peciallj since tlie general adoption on tlie Rand of the writer’s 
“ combination ” or joint shaft for a group of deep-level prop- 
erties, described later in this paper, whereby fewer shafts, 
placed at greater distances apart than formerly, are used to 
work out a given area. 

Fig 8 shows details of the end-plate and divider of the collar- 
set. The shaft-timbers are considerably lighter than the general 
practice in shafts of such size elsewhere This is due to the 
fact that the quartzitic sandstone, through which the shafts are 


Fig 7 



Collar-Shaft for Deep-Level Shaft Vertical Section 
tlnough A — B, Fig. 6 


sunk, is so hard and so compactly bedded that the walls of the 
shaft exert no pressure on the timbering, which serves merely to 
guide skips and cages through the shaft, and to sustain the 
lagging, where a dike, or a layer of more friable rock, is tra- 
versed The stucldles have, therefore, only sufldcient size to 
support the wall-plates — ^than which they are 3 in. wider, in 
order more firmly to hold the dividers in place. The dividers 
are made an inch deeper than the wall-plate, m order to give a 
more secure hold on the studdles without cutting into the 



964 


DEEP-LEVEL SHAETS ON THE WITWATBESRAND 


wall-plate, while the guides have been increased in section from 
the usual 4 b j 5 to 4 by 8 in — additional stitfness, with sets 6 ft 
between centers, being considered desirable. 

All these tmiber-dimensions are for what is known on the 
Rand as pitch-pine timber. In a few shafts the Australian 
lam wood, which is so strong that the amount of timber in 
each shaft-set is reduced by about 25 per cent., has been em- 


Fig 8 
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Collar-Set for Deep-LeTel Sliaft Details 


ployed, but the extra cost of this timber makes it no cheaper 
than the pitch-pine, while it is much more liable to warp and 
more difficult to frame. 

The masonry-wall around the collar of the shaft shown in 
Rigs. 5, 6 and 7 is, so far as the writer is aware, an innovation 
upon the usual Rand practice. Along the Rand there is usually 
a surface-soil from 2 to 20 ft. deep ; and heretofore it has been 
the practice to sink through this soil with a lagged shaft, the 
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collar-set being supported by extended wall-plates in the usual 
way. When it became necessary at a later period to erect the 
permanent head-works (a heavy structure, usually from 60 to 
90 ft high), its foundations necessitated excavations to the bed- 
rock on all four sides of the shaft These are always trouble- 
some to make while work is going on in the shaft , and the 
foundations themselves require as much masonry as does this 
complete wall around it By this method of building, at the 
outset, a masonry-wall around the shaft, from bed-rock to sur- 
face, the foundations for the permanent head-works are pro- 
vided, while the inevitable decay of timbers imbedded in soil is 
avoided, and a more secure and lasting support for the collar- 
set is obtained. 

Rate of Sinking. 

The writer believes it perfectly safe to say that nowhere else 
ill the world have vertical shafts, either larger or smaller in 
section than 25 by 6 ft., been sunk with such speed as upon 
the Band If this statement is incorrect, he trusts that some 
member will prove it to be so by bringing to the notice of the 
iQstitute a record of shaft-sinking exceeding that of the Howard 
shaft of the Simmer & Jack West, Ltd., namely, 203 ft. in one 
month — ^this being a 5-compartment shaft and 25 by 6 ft in 
size, inside of timbers. 

There has been great competition in shaft-sinking upon the 
Band during the past three years , and the record has passed 
rapidly from one controlling group to another, until now it is 
held by the Deep-Levels of the Consolidated Goldfields of South 
Africa, of which Mr B M. Gatlin is general manager, while 
Mr. Leslie Simson is the superintendent of the particular pro- 
perty mentioned 

The first shaft-sinking record was made by Mr. F H. B. 
Cresswell, manager of the Durban Boodepoort Deep, who, in 
the month of September, 1896, sunk 135 ft. in a 4-compart- 
ment shaft This shaft was sunk 726 ft in six months, at the 
end of which time it was 1410 ft deep ; the monthly average 
being 121 ft. The next record was obtained by Mr. A. B 
Bobertson, manager of the Yogelstruis Deep, who, in Decem- 
ber, 1896, sunk a 3-compartment shaft 141 ft., and timbered 
147 ft at the same time. This sinking was done by machine 
air-drills. In July, 1897, the 5-compartment Clement shaft 
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of the Simmer & J ack East (now in the South Rose Deep) was 
sunk 156 ft, by hand-labor and timbered 147 ft., the total 
depth being 1546 ft at the end of the month. For the follow- 
ing month, August, the record was held by Mr. Sidney A 
Chambers of the Angelo Deep, who sunk his 4-compartnient 
West shaft 164 ft , timbering 150 ft., the depth of the shaft 
being 956 ft. at the end of the month. The drilling was done 
by hand and no machine-drills were used. 

Ill shaft-sinking upon the Rand the men usually work three 
8-hour shifts ; and where hand-drilling is done, each shift is 
composed of one white miner and about thirty-five kaffirs 

All the records above mentioned have been broken by the 
work accomplished by Mr R. M Catlin in the Howard deep- 
level shaft of the Consolidated G-oldtields, m which he sunk 
in one month 203 ft , bringing the shaft to a total depth of 
about 2800 ft , which is the maximum record in point of depth 
at which the work was done, as well as in point of speed, 
The following statement of the work accomplished in the 
Consolidated G-oldfields deep-level shafts will be of interest • 


Shafi-Sinhnff of the Consolidated Goldfields Go 


Shaft 

Depth from 
Surface 
Feet 

Average for 
3 Months 
Feet 

Average foi 

6 Months 
Feet 

Average tor 
9 Months 
Feet 

Average for 
12 Months 
Feet 

Milner 

1,504 

189i 

187 



Rndd . 

1,326 

183 

175 



Howard 

],767 

182 1 

168 

152f 

146^ 

Catlin 

1,839 

159| 

162 

163f 

146j 


The timbering of these shafts is carried seldom, if ever, 
closer to the bottom than 50 ft , m order not only to avoid 
cutting the timbers by the blast, but also to give room for 
swinging the 28-ft. wall-plates without having to leave out too 
many of the dividers in the sets already in place. Often the 
timbering is from 100 to 150 ft. above the shaft-bottom, and 
the wonderful celerity with which the sets are put in place was 
remarked by Prof. Alexander Agassiz when he visited the 
Rand in February, 1899, and witnessed the operation. Most 
of the shaft-sinking is done by buckets through the two center 
compartments of the shaft, one bucket being filled at the bot- 
tom, while the loaded bucket is ascending and the empty 
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coming down, universal swivels being used to prevent undue 
rotation of the buckets. 

In a few cases self-dumping sinking-skips are used, as in the 
Knight Central, where, under the writer’s direction, the shaft 
was sunk to a depth of 2190 ft. Here, as a Whiting hoist was 
in use, the ordinary buckets proved too light in weight to keep 
proper tension upon the rope and prevent slipping on the 
drums These vertical sinking-skips are, however, avoided 
wherever possible, because they require the timbering to be 
kept so close to the bottom as to render it liable to damage by 
blasting. 

In regard to the above mentioned high speeds of shaftrsink- 
ing, it is hardly necessary to add that, in all of these shafts, 
little or no water has been encountered The necessary re- 
moval of large amounts of water would be, of course, fatal to 
rapid work. Moreover, the maximum speed of sinking requires 
good breaking-ground — in this case regularly-bedded strata of 
the quartzitic sandstones of the district, — and not too hard to 
drill (m fact, rather softer than the usual run of this rock) ; 
while the organization of the work and the discipline from 
engine-driver to kaf&r cleaner and helper must be as nearly 
perfect as possible, to obviate the unnecessary loss of a single 
minute, especially when changing shifts. It is under these 
conditions that the above high speeds have been obtained In 
many shafts on the Rand the organization is as good, but the 
absence of the natural advantages of good ground and no water 
have hindered the attainment of these extraordinarily high 
rates of sinking. 

Cost . — The cost of shaft-sinking has varied from £17 and 
£18 per ft. at the Yogelstruis Deep and Durban Roodepoort 
Deep to £22 4s at the Glen Deep, £24 9s. at the Jumpers 
Deep ; £22 7s , £23 3s and £28 12s at the Simmer and 
Jack East, and, where water has been encountered in great 
volume, as at the Connor shaft of the Knights Deep, already 
alluded to, the cost per foot has gone as high as £41 8s 
Where rapid sinking is done, these costs per foot naturally de- 
crease , the average of 183 ft. per month in the Howard shaft 
was done for about £16 i^er ft 

Shaft-sinking costs, like all other working-costs on the Rand, 
were being gradually reduced when the war began ; but £22 
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per ft. may be taken as an average estimate of the cost for a 
shaft from 2000 to 3000 ft deep This includes the cost of 
timbering and of all mining supplies, as well as hoisting-ropes, 
air-pipes, etc, together with a proportionate amount of the 
office- and general-management expenses. It includes also the 
cost of cutting the pump-stations, which heretofore have been 
located SOOto^BOO ft. apart, and are cut large enough to accom- 
modate two three-throw electrically driven geared pumps, with 
capacities varying from 3500 gallons to 8000 gallons of water 
per hour each The usual size of these pumps is 6 by 8 in. ; 
but four sets of 6| by 8 in pumps, equal to about 8000 gallons 
per hour each, are placed in a single station in the Connor 
shaft; and these have since been relayed by others. 

Pumps and Poioer . — ^As the shafts in the first row of deep- 
level properties average but about 1200 ft in depth, Cornish 
pumps have been used in most of them, following the practice 
of the incline-shafts on the ontcrop-mines With the initiation 
of deeper mining in the second row of deep-levels came more 
modern practice ; and in the great majority of these shafts the 
pumps are electrically driven, the stations being placed, as be- 
fore said, 500 ft apart. The tendency now is to increase these 
distances, in order to reduce the number of pumping-stations 
in the very deep shafts now projected, so as to save the cost of 
cutting the stations and of maintaining so many pumps and 
motors It 18 therefore highly probable that lifts of 1000 ft. 
will be adopted in the future. 

At the 1200-ft. station (practically the bottom) of the Fer- 
reira Deep, East shaft, there is a compound Eiedler plunger- 
pump, driven by compressed air, which takes the water in a 
single lift to the surface. A specially-designed re-heater, burn- 
ing coke, is used to re-heat the air before its use in the com- 
pound cylinders of this pump , and the fire is so small that the 
natural ventilation through the shaft, close to which the pump 
is placed, is all that is needed to carry away the products of 
combustion. This is the first instance of the use of compressed 
air in deep-level shafts for other than auxiliary pumps. The 
sudden advent of the war prevented the obtaining of data as to 
its efficiency 

In the pumping-plants of three of the deep-level properties 
under the writer’s supervision, three-phase generators are used 
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of 100 k.w and 150 k w. capacity, carrying 950 volts between 
the outer wires There has been no difficulty whatever in 
carrying this voltage down the shafts in properly insulated 
lead-covered armored cables. 

The Consolidated Goldfields of South Africa has a large 
central pumping-plant consisting of three 500 k.w three-phase 
generators, built by the General Electric Co of hTew York, and 
carrying 3000 volts, which is transformed at the shafts to 110 
volts, before being carried down to the pumps 

In the writer’s opinion, electricity is superior to compressed 
air for pumping-purposes, while any surplus power of the plant 
(should the anticipated amount of water not be encountered) 
can be utilized in running hoists upon incline shafts and winzes 
underground in the mine, or in operating pumps in the cyanide 
plant, tools in the machine-shop, or in a variety of other ways 
upon the surface 

Skips — ^Returning to the description of the shaft-work itself* 
When a deep-level shaft is completed, the center-guides are 
taken out of the hoisting-compartments, and these are fitted 
with T-rails and angle-irons, as shown in Figs. 5 and 7, to guide 
the wheels of an ordinary iron skip These skips weigh about 
tons each, and carry 3 tons of ore. As the shafts go deeper 
on the Eand, this load will undoubtedly be increased to 5 or 6 
tons ; but thus far the practice is as stated. 

Combination of Shaft with Incline Below — Most of the deep-level 
shafts of the first row have been turned upon the incline, and 
many of the shafts of the second row will unquestionably be 
so turned; hence I have shown in Eig 9 the usual method 
of making and timbering this turn. Its advantages are numer- 
ous It avoids the expense of a separate underground hoist, 
and enables development on the reef to proceed with the least 
possible delay The skip runs from the incline into the ver- 
tical smoothly, and generally without any decrease in speed 
whatever , hence it is probable that its use will be continued in 
shafts up to 3000 ft. vertical depth After that depth, in all 
probability, independent methods of hoisting on the incline 
will have to be adopted. At the same time, it is not at all 
certain that the use of the Whiting hoist will not permit the 
turning of vertical shafts upon the incline, even at this or 
greater depth. 
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Knight Central Head-Gear, West Shaft. 
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Where shafts are turned upon the incline, the head-gears 
should he set upon the side of the shaft from which the turn 
is made, in order that the skips may dump on the free side of 
the shaft, away from the head-gear legs and the engine-house, 
and where there is more room for the necessary grizzlies, sort- 
ing-floors and hins. In the majority of instances on the Rand, 
this is the south side of the shaft, and most of the head-gears 
are so located 

Temporary and Permanent Head-Works —Xu order to start 
shaft-sinking without delay, tempo-rary head-works from 40 to 
45 feet high are usually erected, and are placed on the north 
side of the shaft, together with the small engines and tem- 
porary hollers This equipment nsn'ally sinks the shaft for 
the first 700 to 800 ft , and has been known to go 200 or 300 
ft. deeper. Meanwhile, the permanent head-gears, hoisting- 
engines and boilers are installed in their proper positions south 
of the shaft, where work can be carried on without interference 
with the shaft-sinking. The use of this temporary shaft-equip- 
ment, though expensive, pays m the end, as the ordering and 
delivery of the permanent equipment takes nearly a year, which 
time would be lost unless, as is very rarely the case, the forma- 
tion of the deep-level company is known for that length of time 
in advance. 

Most of the head-gears on the Rand have been built of tim- 
ber , hut the writer believes that the use of this material will 
soon be discontinued in favor of steel, which is much more 
durable, and but slightly more costly than timber 

The average height of the head-works of the second row of 
deep-level shafts is 85 ft. to the center of the sheaves One of 
the better types is shown in the Knight Central head-gear, Fig. 
10, designed and erected by Mr K. Wilson, mechanical engi- 
neer on the writer^s staff.* The cost of this head-gear, erected, 
was £4200, including the temporary ore-bins and dump-trestle. 
As timber costs |75 to |85 per 1000 ft, R M., and the average 
carpenter’s pay is $5 per day, it will he readily understood how 
such high costs result Similar head-gears, 75 ft high, have 
been erected upon the Witwatersrand Deep, Limited.* The 

*■ Secbetaby’sJSTote — ^Detailed drawings of these structures, and of many othei 
features of timbering, etc , on too large a scale for engraving, and yet too minute 
to permit reduction, are in the office of the Secretary, and may be consulted by 
those interested — R tV E. 
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permanent ore-bins are built in front of the head-gears and the 
two sets of grizzlies, whereby a division of the ore into “ fines,’’ 
“ mediums ” and ‘‘ coarse” is secured. The former usually go 
direct to the mill, while the two latter sizes are crushed and 
sorted in the crushing- and sorting-house. 

A description of the ore-treatment does not come within the 
scope of the present paper. 

II. Method oe Workino tee G-reatest Number of Deep- 
Level Mines with the Fewest Possible Shafts. 

Heretofore the general practice upon the Rand has been to 
sink upon each deep-level property two shafts placed, in the 
majority of instances, from 1600 to 1800 ft. apart, and connected 
by a drift as rapidly as possible after the reefs had been reached, 
111 order to obtain ventilation. 

This practice has been thoroughly warranted by the greater 
speed of underground development which it permitted, thereby 
bringing the property more promptly to a producing stage, and 
proving earlier, to the world at large, the value of the deep- 
levels Though this distance between shafts has been, perhaps 
justly, criticised as too small, it must be remembered that it 
was inaugurated five and six years ago, and was even then an 
improvement upon the practice in the Lake Superior copper 
districts, where some of the shafts, especially in the deep-level 
ground, are astonishingly close, being in some instances only a 
few hundred feet apart. 

With deeper mining, however, the number of shafts em- 
ployed to develop any given area becomes a most important 
matter, as the cost of sinking and equipping each shaft is a very 
large item 

Illustration for the Case of Two Properties . — The writer has, 
in consequence, adopted what may be termed a “ combination ” 
or joint shaft of the usual 6-compartment type, sunk upon 
the boundary-line between two adjoining deep-level properties 
at their common expense, by the use of which each company 
has to pay for shafts in heu of 2 This method was first 
put in practice in February, 1899, upon two deep-level prop- 
erties under the writer’s charge, namely, the Main Reef East 
and Main Reef Deep, belonging to the first row of deep-levels, 
and 18 shown in diagram, Fig. 11. 

It has since been adopted in the Rand Victoria Mines, Ltd.^ 
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and tlie Rand Victoria East, Ltd., of tlie Consolidated Gold- 
fields of South Africa , the union shaft being placed upon the 
bo uiidary-liiie common to these two projierties (in the third row 
of deep-levels), while the Victoria shaft lies to the east in 
the Rand Victoria East property and the Albert shaft to the 
west in the Rand Victoria Mines property. It has also been 
adopted in a block of six deep-level properties, known as the 


Fig. 11 



City Deeps, under the control of Messrs H, Eckstein & Co., 
of Johannesburg (Messrs. Wernher, Beit & Co., of London). 
In fact the “joint-shaft” has come to stay, and will unques- 
tionably be made use of in all future deep-level work 

The cost of a shaft 2000 ft deep may be roughly estimated 
to be as follows 

2000 ft sunk @ £22 per ft , . £44^ 000 

Temporary equipment, 8,000 

Permanent equipment, 40,000 

Total, 


£92,000 
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The sinking of a joint-shaft on the boundaiy-hne will result 
in a direct saving to each company, in a shaft of 2000 ft. depth, 
of =£46,000 , while the subsequent shaft-maintenance and oper- 
ating expenses will also be reduced by 25 per cent, from that 
of the two-shaft method 

The writer’s practice is to place the two Tanking shafts from 
2500 to 3000 ft. from the center or joint-shaft, according to the 
length of the property along the strike. While this position of 
the shafts increases the distances to be driven underground be- 
fore connection can be made between any two of them, and 
good ventilation thereby secured, this is but a temporary dis- 
advantage, which can and must be met by special arrangements 
for ventilating these drifts before connection is made This 
difficulty has already been encountered upon the Rand , and in 
one case, that of the Crown Deep, where the shafts were only 
1800 ft. apart, the drift from one shaft had to be advanced that 
entire distance before connection was made, by reason of faults 
and dikes which had dislocated the reef in the other shaft, 
and prevented the advance of a drift therefrom It has there- 
fore been demonstrated that a distance of 1800 ft. can be driven 
from one shaft alone, thereby allowing an actual distance be- 
tween shafts on the surface of as much as 3600 ft. , but this 
seems excessive, and need not be resorted to except in extreme 
cases. When, at the bottom of these vertical shafts, the in- 
clines are carried down upon the reef, the same distance of 
2500 to 3000 ft will naturally exist between them, and maybe 
considered too great for quick tramming along the levels. To 
obviate this, intermediate inclines may be put down, dividing 
this distance in two , and as an almost equally great distance 
will lie between the outer inclines and the boundaries (the 
average length of a deep-level property along the strike now 
being from 5000 to 6000 ft ), intermediate inclines will, in any 
event, be there rendered necessary. 

In short, practice upon the Rand now tends towards fewer 
vertical shafts and more underground inclines, especially for 
the very deep mining about to be undertaken ; and it is evi- 
dent that this will result in a decided saving. Electricity or 
compressed air, preferably the former, can be used for oper- 
ating these inclines, and, in the case of very deep mining, un- 
questionably the vertical shafts will be reduced to a minimum 



976 DEEP-LEVEL SHAFTS ON THE 'WITWATERSKAND. 

by increasing the distances between them, as indicated, and by 
making three shafts serve four properties, as described later on. 

The mine will be cut up into workable areas by means ot in- 
dependent inclines, sunk from a main double-track drift, con- 
necting the vertical shafts, and operated by electric hoists , and 
since there is every probability that the dip of the reefs will de- 
crease with distance from the outcrop, and will average nearer 
20° than 30°, there is every likelihood that as these inclines 
get longer, they may be advantageously operated by means of 
mechanical haulage, thereby doing away with all underground 
hoisting-engines. Mechanical haulage may, and undoubtedly 
will, also be introduced in the double-track levels connecting 
the deep shafts. 

It appears to the writer that by these methods all necessity 
for shafts of over 6000 ft. in depth will be avoided for a con- 
siderable number of years to come ; certainly long enough to 
enable us to determine the various conditions outlined in the 
early part of this paper as affecting very deep mining. 

It may be argued against the use of a joint shaft on the 
boundary-line common to two different properties, that to pre- 
vent friction in operation and to obtain harmony in the financial 
relationship, these properties must be under the control of the 
same parties or the same Board of Directors, so as to enable 
them to be put under the direction of one manager. It is true 
that one mining firm often controls two or more adjoining 
deeiD-level mines on the Rand, but this is not essential to the 
sinking of a joint shaft, as its supervision can be placed under 
the manager of either property, and the cost of its sinking and 
operation can be very readily kept separate, and has only to 
be divided by two every month in order to find the proportion 
chargeable to each company. 

In this connection it may be well to say that the mining laws 
of the South African Republic are excellent. They are based 
upon the old Spanish mining law, the property being bounded 
on all sides by vertical planes; and they are exceptionally 
clearly defined — ^the result being that the mining-law expert is 
a minus quantity upon the Rand, and a lawsuit between mining 
companies is a thing allnost unheard of in this district. 

By this method of sinking three shafts to develop two prop- 
erties, each company has six hoisting-compartments equipped 
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witli three hoisting-engines , although in the early years of the 
development of the property only one large hoisting-engine 
will be required at each shaft, or IJ engines per property ; the 
smaller geared engines used in sinking being employed in two 
of the compartments in each shaft while the upper levels are 
being worked. 

It should be explained that the joint shaft must be sunk 
with the boundary-line dividing the shaft so that upon one side 
of it there are two hoisting-compartments, and upon the other 
side two hoisting-compartments and the pump-and-ladder-way ; 
and the incline at its foot should be carried down following 
this boundary-line in the same way. In this way all the ore 
from one property goes into the two hoisting compartments 
sunk upon that property, and is dumped into the correspond- 
ing bins at the surface, after which it is easily kept separate 

Where, as is usually the case, the management of the two 
properties is under one control (and even where this does not 
obtain) joint mills may be erected for the treatment of the ore 
from both properties Of such a method, resulting as it does 
in centralization of plant and reduction of running and main- 
tenance-expenses, the advantages are obvious It has already 
been adopted uj)on the Rand, and will, the writer believes, be 
still more generally used in the future 

Illustration for an Assumed Case of Four Projperties . — That 
this combination-shaft method can be further elaborated, with 
still greater saving to deep-level mining companies, is shown 
in diagram, Figs. 12 and 13, for an assumed group of four com- 
panies, the shafts being sunk upon the central boundary-line, 
so that each company has to pay three-quarters of the cost 
of sinking a single shaft 

Deep-level properties upon the Rand usually have from 200 
to 226 claims in area, hence in the diagram an average area 
of 212 claims is assumed, giving a length along the strike of 
5888 ft,, and a horizontal distance, in the direction of the dip, 
of 2305 ft. This area is equivalent to a life of about 20 years 
with a mill of 200 stamps, these being the usual life and equip- 
ment of a deep-level property. 

In the block of deep-level properties, known as the City 
Deeps, recently alluded to, the joint-shaft has been adopted, 
and the three shafts have been located by the consulting engi- 
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neer in charge at points corresponding to those marked A, B 
and 0 in Fig. 12; it being the intention, after sinking the 

Fig. 12 



Sketch-Plan of Fom Deep-Level Piopeities 

vertical shafts at these points, to push the inclines with all 
speed through the upper properties and into the lower ones, 

Fig 13 



Section through B — D, Fig 12 


in order to be able to begin development upon the latter with- 
out too much delay. 
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Let us now compare tins method of shaft-location and de- 
velopment with the one proposed by the writer, of three shafts 
sunk upon the central or common boundary-line. 

It IS evident that shafts sunk upon the central boundary-line 
will he considerably deeper than those sunk in the usual posi- 
tion, 200 ft south of the north boundary of the properties. In 
order to ascertain how much deeper they will be, it is necessary 
to assume a dip of the reef. 

This, as already stated, may he taken at 30° , and m the 
hypothetical case under discussion, the depth of the reef at the 
north boundary line is assumed to be 2000 ft. From these 
data we are able to construct the section shown in Fig 13, 
and obtain the depths of the vertical shafts and the lengths 
of the inclines required 

It has already been explained that, in work upon the Rand, 
“ time is of the essence of the contract,” and in order to ascer- 
tain the relative merit of the two methods, it is necessary to 
assume a rate of vertical shaft-sinking, and a rate of incline 
shaft-sinking per month 

From data already given, it will be noticed that a speed of 
121 ft per month was attained in sinking vertical shafts over 
throe years ago, while upon two shafts an average speed of 145 
ft. per month has been maintained for a year, and much more 
than this has been accomplished for periods of three and four 
months It seems perfectly safe, therefore, to assume a monthly 
average rate of vertical shaft-sinking of 120 ft., including the 
cutting of pump-stations. 

For incline-shafts the data are much more meager, as these 
shafts are not pushed ahead in either the deep-level or the out- 
crop-properties, except as the development-work necessitates the 
opening up of say two or three levels every year. The high- 
est speed on record is that of 16 5|- ft., made in one month 
in the main incline-shaft of the Rew Primrose, an outcrop- 
property. These shafts have never been sunk with the same 
speed as has been attained in the vertical shafts, and for obvious 
reasons it is extremely doubtful whether, under the conditions 
under discussion, they could be. However, one may grant 
them the benefit of the doubt, and assume the same monthly 
progress of 120 ft. in the inclines 

At this rate of speed, the centrally-located vertical shafts, 
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which are 3330 ft. in depth, will reach the reef in two years 
and four months. By means of cross-cuts, indicated on Pig- 
13, which can be started before the reef is cut, development- 
work can be begun upon the two northern properties within 
two years and one month from starting these shafts, while 
development upon the two southern properties will begin 
three months later. 

On the other hand, if the shafts were sunk at A, B and C, 
Big. 12 , -the reef would be cut at 2115 ft. from the surface, or 
in 18 months from the time of starting to sink, and then 
development would begin upon the two northern properties. 

At the estimated rate of speed it would, however, take 20 
months longer to sink 2432 ft. of incline to the northern boun- 
dary of the two southern properties , and not even then could 
development-work be begun upon the latter — ^in fact, not until 
they had been connected by drifts — on account of the great 
difficulty of ventilating workings at the bottom of such long 
inclines. Assuming a speed of 125 ft per month in each of 
the headings at the bottom of these inclines, it would require 
a further 12 months to make these connections. The total 
length of time, therefore, which must pass before development- 
work could be undertaken upon the two south properties is 
about as follows • 


Sinking yertical shaft 2115 ft , ® 120 ft per month, . 18 montlis. 
Turning same upon the incline, . 2 “ 

Sinking the incline 2432 ft , @ 120 ft. per month, 20 “ 

Drive connections 2944 ft , @ 250 ft per month, ,12 “ 

Total, . . . . 52 “ 

or 4 years and 4 month s- 


The comparison, therefore, stands as follows "With shafts 
sunk at A, 3 and 0, Big. 12, development-work begins upon 
the two northern properties in 18 months after starting shaft- 
sinking, and upon the two southein properties m 4 years and 
4 months; with shafts sunk on the common boundary-line, 
development-work begins upon the two northern properties in 
2 years and 1 month after startmg shaft-sinking, or only 7 
months later than by the first method, while development-work 
begins upon the two south properties in 2 years and 4 months 
from the time of starting the shafts, or 2 years earlier than by 
the other method. 



deep-level shafts oh the witwatbrsrand 


981 


A similar great difference in cost can be shown, to say noth- 
ing of the fact that each company has to pay for only three- 
quarters of a shaft While it may be argued that the number 
of shafts IS not reduced, and hence the proportionate cost 
should be the same in both eases, it will be readily seen that 
such would not be the case, since shareholders in the two 
southern properties, having to wait years before any valid 
development could be done upon their property, would natur- 
ally not feel disposed to bear the same proportion of shaft-sink- 
ing costs as the two northern companies, who reap the benefits 
of the shafts after li years from the date of starting them. 

The new method is therefore more equitable in every way, 
and greatly simplifies the division of shaft-sinking and operat- 
ing-costs, since, as development begins practically simultane- 
ously on all four properties, each should bear one-quarter of 
these costs. 

If it be argued that it is somewhat dangerous to start a cross- 
cut to the reef before the exact location of the same is known 
by the shaft piercing it, it can be shown that this is not a vital 
point, for the position of the reef is, in the majority of in- 
stances, known within 150 to 200 ft , and a variation of this 
amount need not affect the location of the first cross-cut, though 
it would, of course, lengthen or shorten it. In the latter case, 
other cross-cuts would he started higher up the shaft, in order 
to open out the necessary number of levels , if, on the other 
hand, the reef should be that much deeper, the additional dis- 
tance would be so divided between the various levels lying 
between this cross-cut and the bottom of the shaft as to insure 
the ordinary “backs ” of 175 to 200 ft. above each level. 

While, of course, the first thing to be done after the shaft 
cuts the reef is to start the drifts to make connection between 
shafts, development-work upon all four properties need not 
wait for this connection to be made (as, in fact, it never has 
done so in any of the deep-level shafts sunk to date), since sev- 
eral hundred yards can be driven upon two or more levels 
before this connection is made without too great inconvenience 
through lack of ventilation In fact, ventilation will be aided 
in the present instance by the system of cross-cuts to the north 
of each shaft 

While it is true that the two northern properties would have 
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to be opened up by cross-cuts whicb inevitably become longer 
as tlie age of tbe mine increases, it must also be borne in mind 
that the first three cross-cuts are comparatively short, and that 
number of levels will open up sufidcient ground to enable the 
mill to be started, after which, only main cross-cuts, spaced five 
years apart, need be driven 

In other words, these main cross-cuts may be so located as to 
divide the mine into four blocks, each of approximately five 
years’ life (see Fig. 13), and only two long main cross-cuts 
need be driven to the shaft, as during the last five years of 
the mine’s life connection for ventilation can be made with 
the mine above, the workings of which, in all probability, -will 
have already closely api3roached its southern boundary If it be 
argued that this will bring in the water from the upper mine, 
the answer is, that this water will inevitably drain through as 
the workings in the two mines approach each other, and can- 
not be avoided 

The work on each main cross-cut and on the incline connect- 
ing its terminus at the reef with the topmost level, five years 
below it, can be extended over several years ; and the inter- 
mediate levels on the reef need not wait for its completion ; 
as the incline can be driven upwards m the shape of an upraise, 
the stations cut and levels started a short distance each way, 
artificial ventilation being resorted to until the final connection 
is made with the long cross-cut, when the mine is blocked out 
for the next five years. 

This method requires in the northern properties about 8900 
ft. of cross-cuts at each shaft, costing, with ventilation appli- 
ances, shaft-stations and ore-bins, about £36,000, as against, in 
the southern properties, 2662 ft of incline at each shaft, cost- 
ing with track and equipment, including intermediate pump- 
stations not required in the northern properties, almost £40,000 
each, which inclines have to be maintained for their entire 
length up to the last year’s life of the mine. The northern 
properties have no long inclines to maintain, and no under- 
ground hoists for such, other than small ones to run on the 
shorter inclines between the main cross-cuts, while the loading- 
stations in the vertical shaft need never exceed two in use at 
any one time. Again, the hft to the surface grows less and 
less as the mine is worked out, while mechanical haulage in the 
long cross-cuts will reduce tramming expenses to a minimum. 
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A comparison of tlie cost of the shafts required to reach the 
same point on the reef by these two methods will be somewhat 
as follows . 


Shafts Sunk at A, B and C, Fig. 12. 


2115 ft @ £22 per ft , . £46,530 

Turn in shaft, ... .3 500 

2662 ft incline @ £15 per ft , 39,930 

Temporary and permanent equipment, . . 48,000 

Total, . . . £137,960 

Shafts Sunk on the Central Boundary-Line, Fig 12. 
3330 ft @ £22 per ft , . £73,260 

Temporary and permanent equipment, .... 56,000 

Total, £129,260 


This shows a saving of £8700 per shaft in favor of the newer 
method ; though, were there no saving in cost, the advantage 
of the simultaneous development of all four properties would 
be quite sufficient to warrant its adoption. 

In addition to the advantages already pointed out, shafts thus 
located are more satisfactory from a financial point of view, 
since the division of costs maybe made upon the direct propor- 
tion of a quarter for each company On the basis of cost of 
£130,000 for each of the three shafts, each company would 
have to pay three-quarters of this amount, or £92,500, equal to 
about three-eighths of what it would cost to sink the usual two 
shafts upon each property. 

If, in order to work out the eastern and western ends of 
these mines, it should be found advisable later to sink additional 
shafts, by locating these at the extreme limits of the central 
boundary-line and making them serve four properties (as in the 
center or combination-shaft), the increased cost to each com- 
pany would be but one-quarter of that of one shaft, or a final 
total of one shaft (say £130,000) per property. 

If the underground workings in the adjoining properties to 
the east and west of this block of deep-levels should be carried 
on at the same rate, connections might be made between them, 
thereby securing ventilation and avoiding the necessity of the 
extra shafts. At the same time, the distance to drive in order 
to make such connections would be very great , and it is there- 
fore highly probable that, later in the development of any such 
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block of four deep-levels, it would be necessary to sink the ad- 
ditional shafts suggested. Such shafts could, however, be safely 
left until some years after the mine had reached the producing 
stage by means of the three shafts described, since to sink 
more at the outset would both very largely increase the initial 
expenditure and delay the period of production It must be 
understood that in all deep-level work it fs of vital importance 
to reach the producing stage as quickly as possible, and to 
keep the initial expenditure at as low a figure as may be con- 
sistent with the area to be developed and the scale upon which 
operations have to be conducted. 

Jig. 14 shows the true shape and boundaries of the block 
of City Deep properties, \yith tbe approximate positions of tbe 
shafts, at A, B and O, as originallj proposed by the engineers 
in charge, together with the positions as located by this new 
method, which, as shown in this diagram, would require a re- 
adjustment of one of the common boundary-lines. 

This block 18 here mentioned, because it consists of six prop- 
erties and not of four; and it might be assumed that three 
shafts could, in like manner, be made to serve for six prop- 
erties by locating them m the center of the two middle ones 
In the writer’s opinion this, though perfectly feasible, would 
not by any means be accompanied by the same advantageous 
results It 18 evident that the first work of development would 
be necessarily concentrated upon these two properties, while 
the other four would have to wait for several years before cross- 
cuts and inclines could be carried inside their boundaries, thus 
vitiating one of the main advantages of this method of shaft- 
location The shafts should therefore be located on the bound- 
ary-line common to tbe four northern properties, and the two 
deepest properties should form a block with two more prop- 
erties to the south of them, the shafts being similarly located. 

"While it is not the present intention to go fully into the 
question of the surface-equipment, m the way of stamp-mill 
and cyanide-plant, required by such a block of four properties, 
OX to discuss tbe relative merits of the different-sized plants, 
yet it has been mentioned that each of the four properties has 
been assumed to be of sufficient area to supply a 200-stamp 
mill with ore for a period of 20 years ; and upon this, the usual 
basis of a deep-level property, it is evident that these three 
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shafts might ultimately he called upon to furnish ore for 800 
stamps. At the average stamp-duty -of 5 tons per day, now 
obtaining on the Rand, this would amount to a daily crushing 



of 4000 tons, or, allowing for the elimination of 20 per cent, 
of waste-rock, a daily output of 5000 tons, equal to about 1700 
tons from each shaft. That three 5-compartment shafts will 
be ample to meet such requirements, including all handling of 


Plan of Block of “The City Deeps ” Deep-Level Piopeities 
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men, tools, etc , is evident, when one considers what has al- 
ready been done at the Kimberley diamond mines, where the 
record now stands as follows 

“At the De Beers Mine on May 17, 1899, 9261 loads of blue ground, equal to 
7409 tons of 2000 lbs each, were hoisted from a depth of 1200 ft by one engine 
(•working in two compartments) in 24 hours 

Against the advantages of a single loading-station and shal- 
lower depth, possessed by the De Beers shaft, the proposed shafts, 
while of more than double the vertical depth, and containing 
several loading-stations, have an additional hoisting-compart- 
ment (assuming that one of their four hoisting-compartments 
be fitted with a man-cage only, as in the Be Beers four-com- 
partment shaft). Moreover, the maximum output of each of 
these 5-compartment shafts will be less than one-quarter of 
that of the Be Beers 

At the central shaft common to all four properties, some dif- 
ficulty might be experienced in keeping separate the ore from 
each. Where ore belonging to two or more companies is 
hoisted through the same shaft, as m certain mines in the 
Michigan iron districts, it is a simple matter to keep each com- 
pany's account separate, since iron-ore can be so readily sam- 
pled. This IS not the case with gold-ores, especially those con- 
taining a certain proportion of free gold, as upon the Band , 
hence, unless the companies combine, if not into one single 
concern, at least into two, composed each of a north and a 
south property, it must be admitted that both the underground 
and surface ore-bin arrangements may be somewhat compli- 
cated. This is a difficulty of detail which can be overcome, and 
which it is not necessary to discuss further here. 

It suggests, however, the policy of a general pooling of in- 
terests in such a block of four companies, or their amalgama- 
tion into a single concern, but as this introduces financial 
questions, the writer does not care to go further into the mat- 
ter at present, other than to point out that unquestionably the 
practical working of such a block of ground (of about two 
square miles in area) would be facilitated, and the engineering 
liroblem simplified, by such an amalgamation. 

On the other hand, the adoption of jomt shafts does not force 
such a combination, since it is evident that methods could be 

* “ llth Annual Report of the De Beers Consolidated Mines,” p. 6 
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devised, enabling each company to work its ore for its own 
account, and obtain its own product therefrom in gold bars 

Where “ combination ’’-mills are employed, they are usually 
built of the back-to-back type. After the ore has passed over 
the plates, it lends itself to accurate sampling, since the free 
gold has been extracted, and hence the portions separately 
owned need not necessarily be kept separate in the subsequent 
cyanide-treatment A combination of companies in pairs, each 
pair consisting of a north and south property, would mean 
eventually about 400 stamps in each mill, although each group 
could start operations with one-half that number, and increase 
gradually to the ultimate capacity as underground development 
advanced. In fact, this is the plan now generally adopted in 
all deep-level work on the Eand. 

At present the largest number of stamps under one roof on 
the Eand is in the Simmer & Jack mill of 280 stamps. Prep- 
arations were recently under way to increase this number to 
320. 


The Iron-Mines of Hartville, Wyoming. 

BY H M CHANCE, PHILADELPHIA, PA 
(Canadian Meeting, August, 1900 ) 

The iron-ore deposits of the Hartville district are located 
near the new town of Guernsey, about 100 miles north of 
Cheyenne. The writer has been familiar with them since 1887, 
having visited the district several times for different clients — 
his last examination having been made in November and De- 
cember, 1897. 

The deposits extend in a general KE.-S.W. direction from 
a point in Section 33, Eange 66 W., Township 28 H., on the 
west side of ‘Whalen canon, through Sections 4, 5, 6, 7 and 8 
of Township 27 E. in the same Eange, and over into Sections 
1 and 12 of Township 27 hT, Eange 66 W. 

Gbnbeal Chaeacteristios. 

The ore is a remarkably pure red hematite, extremely low 
in phosphorus, and carrying a small percentage of silica, as 
shown by analyses given below, and similar in many respects 
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to the red ore-deposits of Michigan and Wisconsin, occurring 
like them in lenticular bodies of extraordinary thickness, en- 
closed in a slate formation. 

Four large bodies of this character have been developed by 
shafts, drifts and open-cuts, and it is probable that a number 
of similar ore bodies exist within these hunts and will be de- 
veloped from time to time as mining progresses These len- 
ticular bodies may be considered either as isolated masses of 
ore or as enlargements occurring at intervals along the course 
of veins of moderate thickness. Ffearly all ore-deposits of this 
character may be so described; and I believe the developments 
here indicate that these large bodies of ore are enlargements of 
veins which extend as unbroken sheets of ore for considerable 
distances. While the developments are not sufficient to per- 
mit an estimate of the quantity of ore available within these 
limits, sufficient development-work has been done to place 
practically in sight, ready for mining, a very large quantity of 
high-grade material, so that a large output of high-grade ore 
can be maintained unquestionably for many years. This state- 
ment includes only ore averaging 62 per cent, or more of 
metallic iron. In addition to the large quantity of this high- 
grade ore which can be relied upon without including the pos- 
sibilities of future discoveries in the district, there is also avail- 
able an equal quantity of what may be termed medium-grade 
ore, that is, ore rangingfrom 52 or 53 to 60 per cent, of metal- 
lic iron. 

Besides the known ore-bodies, there are numerous indications 
of the existence of others of similar character. Most of the 
district is covered by a nearly horizontal capping of sandstone 
or quartzite, 100 to 200 ft. thick, which lies upon the upturned 
edges of the older slates in which the ore-deposits occur , and 
it is only in the gulches and canons, where erosion has cut 
away and removed this cap-rock, exposing the underlying slate 
formation, that the ore-bodies can be seen. Future develop- 
ment will doubtless show that they extend along the trend of 
the formation, beneath this cap-rock, far beyond the points at 
which they may now be seen, and the deposits so hidden may 
qirove as large and valuable as those upon which existing de- 
velopments have been made. 

In addition to the lenticular ore-bodies the district con- 
tains deposits of another class, which I term secondary or re- 
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placement-deposits, occurring above tlie slates, in or near tlie 
base of the cap-rock, and sometimes connected with replacement- 
deposits in partially disintegrated siliceous limestone. The ac- 
companying map shows a large number of drifts and shafts 
opened in the sides of the hills at this horizon, usually at an 
elevation of from 60 to 150 ft above the valley. These deposits or 
veins show a slightly inclined or horizontal stratification They 
exhibit peculiarities, plainly indicating that the ore which they 
contain has been derived from the erosion of the lenticular 
deposits ; in other words, this ore is probably debris from the 
ore-veins and ore-bodies occurring in the adjacent slates, and 
was deposited in nearly horizontal layers upon the upturned 
edges of the slates, or in the siliceous cap-rock, during the 
deposition of the latter. Scores of openings show deposits of 
this class Many of them contain, or consist principally of, 
water-worn rounded boulders of ore, cemented together by a 
ferruginous or siliceous matrix. As a source of ore-supply 
these deposits are possibly of small value But their great ex- 
tent and their wide distribution over a large area clearly indi- 
cate that the ore-bodies from which they derive their material, 
and which are probably now hidden under the cap-rock, are 
large and possibly numerous. 

Tn the immediate vicinity of the large ore-bodies exposed in 
the canons more modern deposits of a similar nature can be 
seen at a number of points, and some of these, owing to the 
fact that the ore-nodules or boulders of which they consist are 
not cemented together, may be worked to advantage, and will 
yield considerable quantities of high-grade ore in the form of 
boulders or pebbles. 

A description of these numerous prospect-holes, most of 
which were sunk by prospectors searching for copper, will be 
given further on 

Quality of the Ores — The hard red ore, locally called “ blue 
ore,’’ is almost invariably richer than the soft ore ; but there 
is also much high-grade soft ore. 

An average of 17 analyses of ores from this district, all made 
from samples taken by disinterested experts, shows, for the hard 
blue lump-ores: iron, 6613; silica, 2.90, phosphorus, 0.038 
per cent Three samples of the soft red ore gave iron, 59 99 ; 
silica, 8 92 ; phosphorus, 0 010 per cent. 

My own samples were slightly better than these averages, al- 
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though I was particularly careful to get an average sample of 
each grade of ore, by taking a quantity at random from many 
diftereiit points on the dump. 

These samples were mainly from the openings in Sunrise 
Park. Two of them, however, were from the Chicago (Happy 
Thought) openings ; and these showed for the hard and soft 


ore 

Chicago Ore. 

Hard Ore 

Soft Ore 



Per cent 

pot cent 

lion, 


62 35 

68 75 

Silica, 

Pho&phoius, 


. 9.12 

Tiace 

11 86 
Trace. 


The smelter-returns from over 5000 tons of ore shipped from 
the G-ood Fortune deposit during July, August, September and 
October, 1897, embracing 86 different returns of average anal- 
yses, show iron, 62 4, silica, 6.4 per cent. 

It should be explained that this ore was mined in an open- 
cut, and that, in blasting, a considerable quantity of the hang- 
ing-wall was continually being knocked down, and became 
mixed with the ore. Moreover, the ore was hauled in wagons, 
and part of it was frequently unloaded on bare ground and 
then reloaded, more or less gravel and dirt becoming mixed with 
it in this way. If carefully mined and loaded into railroad-cars 
at the mine, this ore would certainly have averaged 66 or 66 per 
cent, of iron, with not over 3 to 4 per cent, of silica. As shipped, 
it is mainly of the harder variety, but contains a little soft ore. 

It is safe to say that the total output of hard ore can be re- 
lied upon to average 64 per cent, of metallic iron, and that the 
silica will not exceed 8 5 per cent The soft ore will range 
from 58 to 62 per cent., averaging say 60 per cent, in iron, with 
about 8 per cent, of silica; and, with care in mining, the silica 
in the soft ore can probably be kept down to 6 per cent. 

If about equal quantities of the hard and soft ore be rained, 
a product of about the following grade can be obtained : iron, 
62.00 or more; silica, 5.00 or less, phosphorus, 0.04 or less, per 
cent. 

In the above statement it has been intended to indicate the 
grades of ore that can be relied upon absolutely in thousand 
ton lots to yield not less than the percentages named. The 
actual results will probably be better than these figures, by a 
very considerable margin. 
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The Ore-Bodies. 

The four great ore-bodies opened in the Hartville district are 
located as follows (1) The Sunrise ore-bodj, and (2) The 
Village Belle-Lone Jack ore-body, in Sunrise Park, (3) The 
Good Portune ore-body, | mile east, and (4) The Chicago 
(Happy Thought) ore-body, mile northeast of Sunrise Park. 

The Sunrise deposit has been opened to a depth of 110 ft in 
search of copper, showing it to be about 100 ft. thick and to 
extend laterally along the trend of the formation at least 900 
to 1000 ft Hr. Ricketts, as Territorial Geologist, estimated 
that this deposit would yield 750,000 tons for every 85 ft. in 
depth on the deposit The vein is inclined at a high angle, and 
doubtless extends to great depth. 

The Village Belle-Lone Jack ore-body is opened at several 
places for a distance of about 800 ft The developments were 
made in search of copper, and do not clearly show the thick- 
ness of the deposit, hut indicate that it ranges ftom 15 up to 
possibly 50 ft or more in thickness It doubtless extends into 
the hills far beyond the last opening made upon it It has 
been developed to a dejpth of 50 to 70 ft by a number of shafts, 
all of wdiich struck high-grade iron-ore 

The length of the Good Fortune ore-body is not known, but 
the surface-indications warrant the belief that it is several hun- 
dred feet long. It has been developed by the worldngs of the 
Good Fortune mine for about 100 ft. in length and about 60 in 
depth, showing a maximum thickness of about 80 ft , of which 
over 20 ft. is high-grade ore 

The developments on the Chicago ore-body are suffcient to 
prove the existence of a large deposit, and indicate a thickness 
of iierhaps 50 ft. or more, and a lateral extent of several hun- 
dred feet ; but the prospecting was not intelligently directed, 
and while a large amount of work was done, it w^as not done 
in a way to show precisely either the thickness or extent of the 
ore-body. It is clearly a large and important one. 

In addition to these four great ore-bodies, there are others 
whicb. have been partially opened, and there are three localities 
in which large ore-bodies probably exist, but in which the ore 
can only be reached by boring or by shafts 150 to 250 ft. deep 
An expenditure of a tew thousand dollars at these places will 
probably result in the development of deposits containing mil- 
lions of tons of ore Many thousands of dollars have already 
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been spent in tins district in tlie prosecution of poorly planned 
work, wMch could not be expected to develop large bodies of 
good ore, but tbis was largely due to the fact that most of this 
work was done in search for copper deposits 

Detailed Description of Openings. 

In following this description of the various openings in the 
Hartmlle district, as they existed in February, 1898, reference 
may be had to the accompanying map, upon which they are 
designated by numbers I could not in every case determine 
upon what claim the opening was located, the boundaries of the 
various claims not always being easily found in the neighbor- 
hood of the openings. For the same reason no attempt has 
been made to show on this map the boundary lines of the various 
claims. The location of the various openings with reference 
to each other is sufficiently accurate for all practical purposes. 

Ifo. 1 is a drift, about 600 ft. S W, from the Sunrise mine, 
and located upon the Sunrise deposit. It has been driven in a 
distance of about 20 ft and shows 8 or 10 ft of ore-material, 
containing some very high-grade ore. Between this and UsTo. 2, 
a distance of 100 to 120 ft, the ground is covered with ore- 
material of excellent quality — ^the soil is an ore-soil It is evi- 
dently the outcropping of a large body of ore. The surface- 
showing at this iioint is even better than that nearer the dump 
of the Sunrise mine. 

Ho, 2 is a shaft, about 40 ft deep, located near the upper or 
north-western edge of the ore-hody. The dump shows a con- 
siderable quantity of siliceous material, but there is also a large 
quantity of fine bluish ore of excellent quality at this point. 

The ore-ground here seems to terminate abruptly to the 
south-west, and barren slate shows in the shaft or drift at open- 
ings Nos. 3 and 4. The theory has been that the ore-body here 
turns and crosses the gulch, this being the most plausible ex- 
planation of the barren ground at openings Nos. 3 and 4 The 
soil from this point downward towards the gulch is all red and 
full of boulders of ore. No ore shows on the other side of the 
gulch, and some holes which were sunk on the flat failed to 
strike ore. The continuance of the red soil down towards the 
gulch is easily accounted for by the tendency of all soils to move 
down hill, and it will not he safe to assume this ore-body ex- 
tends across the gulch. It seems most probable that near this 
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point the large ore-body diminislies in size to a vein of moderate 
thickness, and this continues across the gulch 

hTos. 3 and 4 are drifts in barren slate. 

The openings thus far described are near the south-western 
boundaries of the Sunnse claim, or possibly across the line on 
the General Sherman claim 

hTos 5, 6, 7 and 8 constitute a group of openings comprising 
a shaft about 30 ft. deep, two drifts 15 and 20 ft. long, and an 
open-cut o£ about 15 ft., which appear to hare been made in 
search of the eontinnation of the Sunrise vein. They show 6 
or 8 ft. of what is locally termed Paint ore, a term which I 
here use to describe an extremely soft unctuous red hematite, 
containing anywhere from 46 to 66 per cent, of metallic iron, 
and carrying impurities which are apparently free from grit, in 
most cases consisting largely of alumma, the percentage of 
silica being low. Some of these “ Paint ” ores are good irou- 
ores, especially those ranging from 50 to 60 per cent, in metal- 
lic iron. This group of openings shows some high-grade mate- 
rial, but most of the material is rather low in grade. The de- 
posit dips about 60° K In the. shaft, 1 5 to 20 ft. of high-grade 
soft ore was passed through. Mr. McCreath’s analyses from 
my samples showed 63 to 65 per cent metallic iron. I think 
It more than probable that these opemngs are located on the 
outcrop of a vein which further development may prove to 
carry a large body of workable ore, and if followed along its 
trend may widen out into one or more additional Large bodies. 
It is probable that this vein is the south-weBtern extension of 
the Sunrise deposit 

17o. 9 is a drift about 16 ft. long, showing lean surface-wash 
loaded with red iron, and containing some small boulders of 
good ore. It appears to be a secondary or replacement-deposit 
in a sandy Hmeroek. 

hTo. 10 is a drift about BO ft. long, showing a vein of 2 or 3 
ft. of soft pamt-material, evidently a secondary deposit. 

Ifo. 16 is a shaft, about 70 ft. deep, which for the ftrst 36 ft. 
was sunk vertical through lean ore and barren material. At 
that depth a vein of high-grade, good-Iookiug bluish ore was 
struck, which will average from 60 to 62 per cent, in metallic 
iron, and the shaft was continued on an incline following the 
dip of the vein to a depth of 70 ft. It is asserted that 4 or 5 ft 
in thickness of this quahty of ore was followed all the way from 



THE lEON-MINES OF HARTVILLE, WYOMING, 


995 


85 to 70 ft. in depth, and I have no doubt this statement is 
substantially correct 

This is in all probability the westward extension of the vein 
now worked at the Good Fortune mine, about 8000 ft across 
the divide westward from this point 

hfo 17 is a group of 7 or 8 pits, cuts, drifts and shafts, none 
of which show any workable ore-bodies, although, in two or 
three of them, from 1 to 2 ft. in thickness of very fair-looking 
ore IS exposed, and some of the cuts show boulders of good ore. 
It seems probable that most of these boulders have been de- 
rived from the outcrop of the vein struck in shaft Ho 15 A 
small vein apparently passes through these openings; and it is 
possible that this vein, and not the one opened at shaft Ho 15, 
is the westward extension of the Good Fortune vein 

About 1500 ft almost due east from the Ho. 17 group, and 
across the divide, are three openings, a shaft, an open-cut or 
trench, and an open-cut and drift, all located immediately upon 
the outcrop of a vein of ore which I believe to be an extension 
of the Good Fortune vein. They show the vein of ore in vari- 
able thickness, the good ore ranging from 2 to 5 ft thick, and 
dipping from 15° to 35° H. Some of the ore is of excellent 
quality , but about one-third of it contains large fragments of 
quartz and quartz crystals and is practically worthless. 

Continuing 700 ft. east across the gulch we find another pit 
evidently located on the same vein and showing about 2 ft. of 
ore. The rocks here are apparently limestone or lime shale. 
About 350 ft. further east is another pit about 10 ft. deep, lo- 
cated immediately at the summit of the divide It shows from 
6 to 8 ft. of ore-material, of which about 4 ft. is ore of good 
quality. 

This pit is only a short distance from the Good Fortune 
mine. Ho openings have been made between it and the mine- 
workings , but the continuity of the vein is established by 
boulders of ore which can be seen at many points along the 
side of the hill 

Ho. 20 is a shaft, about 300 ft. H.E..from the Sunrise mine, 
and located immediately upon the Sunrise body. It passed 
through some 15 ft. of lean material, striking some good ore at 
the bottom. 

Ho. 21 is a shaft but a short distance from Ho 20. It was 
located upon what was originally called the Hew York claim, 
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blit is no'w known as the Colorado claim After passing 
through 10 ft. of lean material on the surface, this shaft con- 
tinued down to the bottom, a depth of 22 ft., in ore of superb 
quality. There is no difficulty whatever in selecting from the 
dump at this point ore which will run all the way from 65 to 
nearly 10 per cent, in metallic iron, and I do not think there 
would be any difficulty in shipping ore from this point that 
would average 66 or 67 per cent, in metallic iron in car-load 
lots. I have never seen handsomer ore. 

I believe it has been generally assumed by a number of ex- 
perts who have examined this property that the Sunrise ore- 
deposit or vein extends hTE. across the gulch, beyond shaft ]l7o. 
21, into the opposite hillside, and under the plateau to the 
north-east Unless there be an offset in the deposit at or near 
the center of the gulch, or a fault deflecting it to the south, this 
theory must be abandoned , for the openings, Uos. 22 to 28 
inclusive, located immediately on the trend of the deposit, 
plainly show that the vein does not pass into the lull at this 
point. I do not think it a matter of any importance whether 
the vein be deflected at this point, whether it he broken by a 
fault, or whether it terminates from some other cause Should 
these ore-deposits be found to be enlargements of a continuous 
vein of moderate size or, on the other hand, disconnected len- 
ticular masses of ore, the result will be the same. The cost of 
mining would be no greater under one set of conditions than 
under the other, and the future yield of the deposits will be a 
function of their size, and will not he affected by the question 
whether they are connected by thin sheets of ore or not. 

Uo. 25 is a drift of 25 ft and an open-cut of about 20 ft. In 
this drift, driven obliquely across the trend of tlie rocks, a vein 
of ore about 9 ft. thick was cut across from the foot- to the 
hanging-wall. Of this 9 ft , about one-half is high-grade soft 
ore, and about one-half high-grade harder, bluish ore. The 
deposit dips about 30° to 45° W. This opening is directly in 
line with the Sunrise and Uew York or Colorado shafts, and 
only about 100 ft. from the latter. The vein of ore shown 
in this opening is, however, dipping westward, and its course 
is nearly at right angles to that of the Sunrise deposit. If 
this IS the Sunrise ore-vein, then it seems certain that the de- 
posit is here deflected at nearly a right angle, and if this be 
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true, the ore-bodies developed up the gulch to the north-west at 
openings l^o 29 to 34, including the Village Belle and Lone 
J ack claims, are all located upon this deposit 

ISTo 26. This drift shows about the same conditions as those 
described at iSTo 25, except that the ore is here about 15 ft. thick, 
consisting oiie-third of medium quality, one-third of high-grade 
soft material, and one-third of hard bluish ore of fine quality. 
The vein, as exposed by these two openings located within a 
few feet of each other, is certainly trending northwest 

No 29 is a group of a shaft and two drifts. The shaft shows 
some good blue ore on the dump The drifts are fallen in and 
cannot be examined, but the material on the dump shows very 
little ore — mainly painhore. 

No. 30 is a large open-cut and drift, with a shaft sunk inside 
the drift or cut. The inside work was somewhat fallen in. 
There was quite a good showing of good blue ore here on the 
dump, but also much siliceous matter and low-grade ore. The 
formation here is too much broken and jumbled or faulted to 
permit determination of the thickness of the ore 

No. 31 18 the famous Village Belle shaft, which had been 
sunk 70 ft when water stopped the contractors from sinking 
further It is said that the shaft passed through 30 ft of good 
ore, and that a drift 30 ft long was driven from the bottom. 
The dump shows some hard bluish ore of most excellent quality, 
and it is said that a very much larger quantity of high-grade 
ore exists in the dump than that which can be seen at present, 
having been covered by poor or barren material taken out of 
the drift after the ore was extracted. 

No. 32 IS a shaft 50 ft., or more, deep. About three-fifths of 
the material taken out was rock and lean ore. The balance 
was bluish ore of the finest quality The showing here is one 
of the best to be seen in the district 
No. 33 18 a shaft 20-odd ft. deep, sunk in the fiat. It passed 
through about 10 ft of loose wash, then through 10 ft or more 
of fair paint-material, with some hard bluish ore of good 
quality. 

No. 34 18 a shaft very similar to No. 32. It is 50 ft. or more 
deep, with water in the bottom. About three-fifths of the ma- 
terial on the dump is painhore of medium grade, the balance 
being very high-grade soft ore, with a small quantity of harder 



THE IRON-MIEBS OF HARTVILLB, WOMING. 


blmsh ore. This is also a very good showing, hut not quite 
equal to that at N'o. 82. 

!Ro. 86 comprises an open-cut or stripping and two drifts, 
located on Mr. A B. GamheH’s claim. They show a well-de- 
fined vein of hard bluish ore, 10 ft or more in thickness, and 
dipping about 30° to 35° S. to S.E Some of this ore is of very 
high grade, some of it somewhat siliceous. The developments 
are not sufScient to determine the full value of the deposit at 
this point, but the indications are that the property will develop 
into a valuable mine 

Fo. 36, located about 2000 ft. F.W. of the Sunrise niiiio 
and on what is known as the Alaska claim, comprises an open- 
cut, and a drift driven in from the open-cut, all the openings 
being at a considerable elevation above the gulch, and near the 
base of the cap-rock. A considerable quantity of loose and 
cemented ore-boulders, with some paint-ore, have been exposed. 
Limestone outcrops near by j and the deposit gives every evi- 
dence of being one of the secondary or replacement-deposits, 
to which reference has already been made. 

The Nightingale Claim. 

About one-half mile F W from Fo. 36 (just beyond the limits 
of the map) is the Fightingale claim* It consists of a drift into 
the hillside about 40 ft. long, and high up on the hill. Lime- 
stone appears m the hill below the ore, with sandstone at the 
level of the ore openings. The dip is apparently 80° W. There 
is here apparently about 8 to 12 ft of ore, a little being of fair 
quality, but most of it looking like 30-per-cent, staff. It is ex- 
ceedingly doubtful whether this is the outcrop of a vein or not. 
It looks very much like a replacement deposit. Besides the 
drift, there is a shaft near by, about 40 ft. deep, which passed 
through some good ore. There are about 4 tons of 62 per cent, 
ore on the dump. 

About 400 ft. in a northerly direction from the Fightingale 
openings is another drift, located upon the Vaughn and Coving- 
ton claims, which shows about 6 ft. of ore material, carrying 
some lumps of very good ore. The deposit here dips about 
80° W., and is evidently a secondary deposit of the same gen- 
eral character as that exposed at the Fightingale openings 
The ore-matenal shades off into rock in both directions, plainly 
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showing that it is a replacement-deposit, reinforcing the con- 
cliiBion reached respecting the ITightingale deposit, and indicat- 
ing the probability of the existence of a large vein or deposit 
in the vicinity of these openings. 

One mile to the south-east of Hartville a number of openings 
may be seen from the road leading from Hartville or Fairbanks 
across the divide into the Whalen canon country. Some of 
these claims are known as the Shaw and Somers openings. 
They show siliceous paint-material, but no marketable ore The 
openings are in limestone, at the junction of the lime and sand- 
stone or quartzite formation, and they evidently expose second- 
ary or replacement-deposits, similar to those described in Sun- 
rise Park at a number of points It is possible that at greater 
depth these may develop into ore-bodies, but such an assump- 
tion cannot be made with safety. I examined about 8 openings 
in this neighborhood, of which 3 show some lean siliceous ore ; 
but the rest were in barren rock As already stated, the exist- 
ence of secondary or replacement-deposits of this nature is a 
strong indication of the existence in the vicinity of the true 
veins or deposits of ore of considerable size; for it seems cer- 
tain that the boulders of ore which are found in all openings 
of this class were derived from true ore-veins or deposits, and 
as some of them are more or less angular, it is not probable 
that they have been transported far from the source from 
which they were derived. 

The Grood Fortune Mine. 

The deposit exposed by the workings of the Grood Fortune 
mine, when visited early in November, 1897, showed a thick- 
ness of perhaps 30 ft. of ore. It is impossible to measure the 
thickness of the ore-body accurately, as the dip of both walls is 
variable, and two persons making such measurements would 
not be likely to adopt the same point from which to measure, 
or to make their measurements at the same angle to the hori- 
zon. It can, therefore, only be stated that the maximum thick- 
ness of this ore-body, as shown by the workings at the time of 
examination, was in the neighborhood of 30 ft. The ore-body 
has been developed 100 ft. east and west along the trend of the 
vein The vein dips northward from 30° to 60°, or about an 
average of 40° to 45°, at the surface, and the ore chute appears 
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to be pitching toward the east, at about 30° on the plane of the 
ore-body 

At the east end of the open-cut an incline has been sunk 
about 60 ft. on the vein The hanging-wall is here much 
steeper than in the open-cut nearer the surface. Both walls are 
well defined Going both to the east and west from the point 
in the open-cut where the ore shows its maximum thickness, 
the vein seems to pinch down to a much smaller size hTot all 
of the ore in the vein is high-grade ore. Hear the west end of 
the open-cut there is a maximum of about 15 to 20 ft. of high- 
grade ore ; at the east end this high-grade ore pinches down, I 
believe, to 6 or 8 ft. in thickness It is on this good material 
that the incline has been sunk There was some excellent ore 
in the bottom of the incline, and in a drift and cross-cut which 
had just been started from the bottom, about 45 ft. vertically 
below the floor of the open-cut. 

Average Qiiahty of Good Fortune Ore.— This ore makes an ex- 
cellent smelter-flux, and m the winter of 1897-98 was shipped 
to the Colorado smelters for this purpose The average returns 
of smelter-analyses on shipments of over 5000 tons made during 
July, August, September and October show 62.4 per cent, of 
metallic iron and 6.4 per cent of silica. Careful mining would 
bring the iron to 64 or 65 per cent, and the silica down to 4 
per cent. 

The Blue-Bird Claim. 

This claim adjoins the Good Fortune claim, the Good For- 
tune mine being located but a short distance from the Blne- 
Bircl boundary-line The mdications all strongly point to the 
conclusion that the ore-veni opened in the Good Fortune mine 
continues east through the Blue-Bird and, crossing the gulch, 
extends under the flat (prairie), passing close to the cabin occu- 
pied by Mr. Somers. The developments are not sufficient to 
show either the thickness or the cliaTacter of the ore-vein or 
ore-chutes upon this claim, hut the surface-indications, the 
boulders, lumps and pebbles of good ore which may he found 
scattered in the soil and lying upon the surface for a long dis- 
tance, indicate plainly that the vein is one of considerable 
extent. 

The Chicago [Sapgoy Thought) Openings. 

About two miles H E. of the Sunrise mine, and about the 
same distance irom the Good Fortune, a number of openings 
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have been made upon a large and rich deposit of ore, similar 
in every respect to the Sunrise deposit. They are located in a 
canon tributary to Whalen canon, and about three-quarters of 
a mile west from the center of the latter, from which they are 
easily accessible. One of these is a shaft 50 ft. or more deep, 
sunk most of this distance through ore About one-third of 
the material taken out was ore of good quality, some being of 
very high grade , the rest was barren material and paint-ore 

About 75 ft further north there are two drifts and one shaft, 
all connected, which show 6 ft of hard bluish ore of good 
quality, and 10 ft. of paint-material of fair cpiality. The dip 
is 60° E. At another point in these openings the measure- 
ments show 16 ft. of good ore 

A drift IS located about 50 ft. east of the shaft just men- 
tioned. It was started as an open-cut and driven 30 ft. through 
barren material, when ore was struck, dipping 30° E., and the 
drift was continued 20 ft. further, all in ore 

About 75 ft west, and a little north from the above drift, a 
shaft has been sunk, said to be about 60 ft. deep. The mate- 
rial on the dump shows that all the ore taken from this shaft 
was soft ore, of which possibly one-third is high-grade material, 
the average of the rest being low-grade. hTo hard bluish or 
lump ore is visible at this point 

In the same neighborhood a shaft about 30 ft deep passed 
through some ore of fair to good quality, but most of the 
material was of medium grade A drift near by, about 80 ft. 
long, shows about 12 ft of ore, dipping 40° E , but does not 
expose any high-grade material 

On the opposite side of the gulch from this group of open- 
ings a drift has been driven into the hill and a number of small 
open-cuts have been made at different points in the gulch. 
Some of them show some outcrop material of low-grade con- 
taining bunches or lumps of ore of fair quality, but all of them 
are comparatively superficial and failed to reach workable ore. 

At the locality of this Chicago group of openings there is 
doubtless a large vein or deposit of ore, but the strike of the 
deposit being nearly parallel to the hillside upon which the 
developments have been made, the apparent quantity of ore 
and size of the ore-body may be exaggerated by the fact that 
these developments are spread out along the trend of the de- 
posit, and cannot be considered as indicating the thickness of 
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the ore-body TMs conditioa is intensified by the fact that the 
dip of the ore-deposit and the slope of the hill are in the same 
direction It is unfortunate that the development at tins point 
was not intelligently directed, for the work done is more than 
sufficient to have explored the deposit and determined the 
thickness of the ore-body I believe the surface indications 
here furnish a safer index to the thickness, character and ex- 
tent of this deposit than the openings which the owners have 
made upon it, and that the expenditure of an equal amount of 
work, if properly directed, would demonstrate the existence at 
this point of an ore-deposit approaching, in quality and quan- 
tity, that at the Sunrise mine 

Another group of opemngs was made in a fork of the cailon 
in which this Chicago claim is located, about half a mile south- 
west from the Chicago openings, and doubtless located on the 
same vein or ore-bearing horizon I did not visit these open- 
ings, being informed that they were merely made to ascertain 
the existence of ore at that point, and that no work had been 
done upon them to determine the thickness of the deposit 
The ore which they exposed was similar to that seen at the 
Chicago openings. 

Th& Stem Openings. 

IN'o. 61. Going up "Whalen cailon, north-eastwardly from the 
Chicago claim, a number of openings, made in the hillsides 
on the west of the canon, were seen at intervals for about two 
miles beyond the Chicago claim. Hone of them showed any 
high-grade ore, except that some of the soft paint-material, ex- 
posed at what is known as the Stein opening, about one mile 
from the Chicago, may he classed as high-grade. 

The ground shows some ore-material at intervals all the way 
around the hill from these openings to the Chicago claim ; and 
it has been assumed by many prospectors that this showing 
marks the outcrop of the Chicago ore-vein, running continu- 
ously around the hills into "Whalen canon. I doubt very much, 
however, whether this he true. These deposits look like sec- 
ondary or replacement-deposits, of the character of those already 
described in the Sunrise Park country, and I think their pres- 
ence throughout this area strongly implies the existence in the 
immediate vicinity of an extension of the Chicago vein or some 
other similar vein to the north-east through these hills. I be- 
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lieve, however, that this vein is hidden beneath the cap-rock, 
and, therefore, does not present any outcrops in this vicinity. 

Regarding the ore-deposit at the Chicago claim, which was 
examined by Dr Ricketts in 1889, 1 quote from his repoit as 
follows 

“It will be seen that both of the tunnels on the Chicago strike the oie upon 
the outcrop and do not pass through it, consequently neither wall of the ore-body 
IS exposed, and no estimate of its actual width can be made However, the woik 
done indicates a minimum width of 50 ft with neither wall found ” 

Regarding the Sunrise deposit, I quote from Dr. Ricketts’s 
report as follows 

“The workings both of the first level and the surface show a local widening of 
the ore-body The maximum thickness shown is fully 150 ft , but as far as the 
developments go they seem to show that both east and west of the shaft the ore 
returns to about the width shown in the second level, and peihaps becomes some- 
what narrower towards the east But the surface indications make it certain that 
there is an immense body of ore extending from coiner No 4 of the Sunrise to 
the shaft near the east side of the claim, a distance of about 900 ft Both east 
and west of these two points theie is every reason to believe that the ore-body 
continues unbroken 

“The hematite in the immediate vicinity of the copper-ore is impure, but the 
contents of this zone of impuie ore, although laige, is insignificant when com- 
pared to the entire body of hematite Should a width of 70 ft be assured for the 
900 ft the ore-body is known to exist, the portion of the chute above this level 
would yield about 750,000 tons of ore Unforeseen changes in the apparent form 
of the ore-body may occur that would laigely change the figures , but so far as 
the development goes, the guess is a conservative one, and the actual available 
tonnage is more liable to prove much greater than much less ” 

It should be explained that this estimate by Dr. Ricketts was 
based upon an assumption that the ore contained in the deposit 
extended to the depth of the main drift, 110 ft. below the sur- 
face ; hut in making his estimate Dr. Ricketts deducts from 
this depth of 110 ft. 26 ft of ore near the surface, which con- 
tains some copper, estimating only an average depth of 85 ft. 
of ore, from the point at which the copper disappears down to 
the lower level. It is practically certain that this ore-body will 
continue to a depth of several hundred feet, and should the 
thickness and length of this deposit remain unchanged as it is 
followed in depth, the figures given by Dr. Ricketts would jus- 
tify us in expecting a yield of 750,000 tons for each 85 ft. in 
depth on the deposit In this estimate Dr. Ricketts has made no 
attempt at estimating separately the proportions of high-grade, 
medium-grade and low-grade ore which the deposit will yield. 
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The Indicator Vein, Ballarat, Australia. 

BY T A RICKARD, STATE GEOLOGIST, DENVER, COLORADO 
(Canadian Meeting, August, 1900 ) 

In “ The Genesis of Certain Auriferous Lodes ” '' Dr Don 
makes a reference to a curious vein-formation known as the 
“Indicator,” which characterizes a portion of the Ballarat 
mining district, in Victoria, Australia. During 1890 and 
again in 1898 I had an opportunity of making a few notes, 
which, although somewhat belated,t may he worth adding to 
the observations recorded in the Transactions of the Institute. 

The country of the Ballarat gold-field consists of the Lower 
Silurian slates and sandstones, which also enclose the reefs of 
Bendigo; but it is noteworthy that the successive anticlinal 
folds, and accompanying saddles of quartz, which distinguish 
Bendigo are not characteristic of Ballarat, the geological struc- 
ture of which presents greater complexity. 

That part of the district known as Ballarat East became 
famous early in its history on account of the large nuggets 
which were found in the alluvium, and subsequently it became 
further known because of a peculiar persistent black seam, 
traversing the bed-rock underlying the alluvial deposits, wdiich 
was found to be associated with rich bunches of gold-ore, not 
only in the gravel that capped it at the surface but also in the 
quartz-veins which crossed it underground. The name of 
“ Indicator ” was early given. In 1871 Mr. Morgan Llewellyn 
directed attention to it as influencing the distribution of the 
gold. In the government quarterly report for December, 1888, 


* Ti am , xxTii , 564 et seg 

t The treatise contributed by Dr. Don reached me while making a second visit 
to the very localities among which he has gathered so much valuable evidence. 
Most of the lodes to which he refers came under my own observation in 1889-91, 
and though I have omitted until now to join other members in acknowledging the 
great usefulness of Dr Don’s contributiou to the science of oie-deposits, it is 
solely due to the fact that I had hoped long ago to do so in a manner which he 
would most appreciate, that is, by contributing fuither data to the investigations 
in which he has been engaged 
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Mr. E. J . Dimn described* a similar oceiirreiice observed by 
bim 111 the neighboring district of Wedderbnrn In Septem- 
ber, 1893, the writer contributed a note on the siibject.f Mr. 
Ernest Lidgey, of the Geological Survey of Yictoria, made a 
special report^ on the Ballarat East gold-field, which was pub- 
lished in 1894. In 1895 and again in 1897 Mr. 'William Brad- 
ford added further data § 

Mr Bradford, who lives at Ballarat and has made a carefiil 
study of the district, describes the Indicator as “a pyritic 
sheet, varying in width from oiie-eighth of an inch to about an 
inch, which has been formed in an almost parallel line with the 


Fig. 1 



i t SANDSTONE SLATE 

The Indicator (After 'VVilhara Biadford ) 

line of the strata. See sketch ” The sketch referred to is re- 
produced in Eig, 1. Another good illustration from his later 
paper on the subject is reproduced, with slight modifications, 
in Eig. 2. The indicator is the dark thread G B, 0 H, which 
is dislocated from B to C by the fault-line AD. F B, C E is 
a flat seam of quartz which is also faulted, with enrichments at 
B and 0, the points nearest to the Indicator and to the later 
line of fracture, A D. In his description of this occurrence 
he says 

^ “Eeport on the Country in the Neighborhood of Wedderburn and Eheola,” 
by E J Dunn Quai iei ly Bep of the Min Dept of VvAoria, 1888 

t “Certain Dissimilar Occurrences of Gold-Bearing Quartz” Proc Col Sei 
Soc , Yol ly , pp. 329-331 

t “Eeport on the Ballarat East Gold-field,” by Ernest Lidgey, assistant geo- 
logical surveyor 

§ “The Indicator Feature in Some Gold-Occurrences,” by William Bradford 
Trans Austi al Inst of Min Engrs , vol iv 
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“Flat make of quartz displaced by a slide break Fuggety gold was met with 
at the point where the Indicator intersected the quartz on the higher side of the 
break Down the line of the break a layer of gold in the foim of fine pai tides 
was found, and traced to the point where the lower par,t of the quartz occuiience 
abutted on the break ’ ’ 

Mr. Dnnn, the distinguished geologist, whose work on the 
ueighhoring gold-field of Bendigo is well known to the mem- 
hers of this Institute, describes the Indicator at Wedderbnrn 
as being a “ bed of rock of dark-grey to black color, and from 


Fig. 2 



5 to 7 inches wide, made up of thinly laminated unctuous clay 
His illustrations are reproduced in Fig. 3. 

Mr. Lidgey, in his special report, says . 

“These indicators are usually thin beds of dark-colored shales and slates, 
formed of a carbonaceous mud, containing a large percentage of non sulphide. 
They are parallel, and, so far as worked, nearly vertical, any change from the 
vertical being usually due to the presence of faults ” 

The most persistent of the series, known as “ The Indicator,” 
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he describes as “ a narrow bed of dark slate, usually showing 
cleavage planes, and containing a large percentage of pyi'ite, 
distributed irregularly through it.” In Fig. 4 a series of Mr. 
Lidgey’s illustrations is reproduced 
Finally, in Fig, 5, 1 have added the drawing'* exhibited by 
me in 1893 to the Colorado ScieutifiLc Society, from a sketch 
made at the 700-ft level of the hTew Hormauby mine on Feb- 
ruary 25, 1891 



Whatever differences may be remarked in the foregoing 
descriptions are explained by the changes which this remark- 
able vein undergoes in its passage for seven or eight miles 
through a long series of mines, extending from Black Hill to 
Bunninyong 

Mr. Lidgey’s report is accompanied hy maps of the Ballarat 
East district, exlnbiting the course of the Indicator through a 
series of claims belonging to various companies. A part of 


* Tins draving was repioduced by Dz Don, on p. 7 o£ his treatise, and in his 
paper, Trans , xxvn , 570 
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these maps is reproduced in Figs. 6, 7 and 8*, which represent 
the plan, cross-section and longitudinal section of tlie giound 
near the Prince Eegent mine. Further evidence is given in 
Pigs. 9 and 10 Fig 9 is a photographf taken at the 500-ft. 
level of the No 1 Llanberris mine Fig. 10 is a diagrammatic 
interpretation which will, it is believed, aid the decipherment 
of the details in Fig. 9 The photograph shows the Indicator 
(at A B), and the foot-rulej affords a scale of measurement; 
yet, as in most underground photographs, the dark seams are 
confused by lines of shadow, and it is not possible to distiii- 
guisli the slates from the sandstones, both being dark-grey and 



both showing cleavages Nevertheless, it is a valuable piece 
of evidence, comparatively untainted with the subjective ele- 
ment which vitiates a sketch. 

By way of supplementary testimony I add Figs 11 and 12 
from sketches made during my last visit to Ballarat, in Janu- 
ary, 1898. In Fig, 11 the Indicator is shown as seen at the 

* These three drawings mnst not, I think, be taken too literally , for I note that 
the stratification of the slates and sandstones is repeatedly shown as unbroken 
where traversed by cross-courses which, as is well known, fault the country. 
Such errors are doubtless due to the departmental draughtsman who prepared the 
drawings, and do not represent any error of observation on tbe part of Mr Lidgey 
himself. It was the dislocation of the Indicator series that the drawings were 
intended to represent ; and this they do satisfactorily 
t This excellent photograph was kindly given to me by Mr ladgey in 1898 
t Which, it should be noticed, is extended so as to cover a length of 2 feet 
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770-ft, level of the Prince Regent mine, where it is dieloeatecl 
hy a fiat seam of quartz winch carries coarse gold at the cross- 


Fig. 5 



“The Indicator,” New Noimanbf Mwie, Ballai-at, Australia 

ing. The Indicator evidently conforms to the hedding of the 
slate hand, of -which, indeed, it forms a part. 

The Metropolitan lode, illustrated in Pig. 12, occurs in an 

VOL, XXX. — 62 
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adjacent portion of tlie Ballarat district It lias, on a large 
scale,* certain of the features wMcla characterize the geological 
structure of the Indicator series, and for this reason it is placed 
in evidence here. The Metropolitan lode consists of a senes 
of spreading quartz-seams, to be considered as branches thrown 
out by nearly vertical veins, traversing a band (A B, C P) of 
thinly-bedded slates and sandstones, and dips slightly westward 
from the vertical. This band, which is enclosed hy a series of 
massive beds of sandstone, forms a lode, or lode-channel, 80 
ft. wide, in which the quartz-seams first referred to rarely ex- 
ceed 7 or 8 ft. in thickness, and, having an easterly dip, cross 
the bedding almost at right angles. The cross-veins recognize 
the structure of the rocks they traverse hy a succession of drops 
as they meet the successive seams of slate. The gold-occur- 
rence is also modified hy this structure, the richest quartz being 
found at the crossing of the slates, and especially upon the 
lower or eastern side. The quartz composing these seams is 
white “ as a hound’s tooth hut occasionally, in the slate, it is 
besprinkled with a little arsenical pyrite. 

The Indicator is essentially a very thin thread of black slate, 
which is remarkable on account of its extraordinary persistence, 
and also because the quartz-seams which cross it are notably 
enriched at the place of intersection. In certain parts of Bal- 
larat East the Indicator has coincided with lines of movement, 
and having, on this account, undergone attrition, it now ap- 
pears as a seam of clay. At other j)laces it is so impregnated 
with iron pyrites as to have the characteristics of a sulphide 
streak When it is met hy quartz-veins carrying galena and 
zinc-blende it partakes of their mineralization. At the end of 
the '700-ft. level in the Hew Kormanhy mine it was slightly 
over one-sixteenth of an inch, thick, and consisted of crushed 
black slate, in which small crystals of pyrites were embedded. 
In a cross-cut nearby it appeared as a thm vein of quartz. This 
is an infrequent modification, and one which is found by expe- 
rience to be unfavorable to the occurrence of rich ore. At the 
VTO-fb. level of the Prince Regent mine the Indicator had the 
thickness of an English penny, and wag freely studded with 
crystals of arsenical pyrites, tarnished hy oxidation. 

The belt of slates and sandstones constituting the prevailing 


The scale of Fig, 12 lepresenta feet, and not inches, as in Fig. 11. 
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geological formation of tlie district is marked by a peculiarly 
persistent series of tbin seams of black slate. The Indicator 
is the chief member of this series, by reason both of its per- 
sistence and of its economic importance as marking a line of 
particular enrichment The others are variously known as the 
“’Western Indicator,” the “Pencil Mark,” the “Huggety 
Slate,” “Dunk’s Slate,” “The Streaky Slate,” etc., — an odd 
nomenclature, originating with the miners, who have been 
quick to recognize these various “ leaders,” as they have been 
encountered in the workings underground. This series is 
crossed by a later system of quartz-veins and stringers, inter- 
secting the bedding of the sedimentary rocks almost at right 
angles, and lying, therefore, approximately flat, with a slight 
dip northeast. Occasionally, large quartz-veins are seen follow- 
ing the planes of bedding, but such as do so, appear invariably 
to be poor. Those which cross the Indicator (and its com- 
panion-seams) are gold-bearing, but only at the places where 
they intersect the Indicator, and, as will have been noted in the 
illustrations, fault it Therefore the workings follow the Indi- 
cator in such a way that the rock removed includes 2 or 8 ft.* 
on either side of it. The intersecting quartz-seams are so fre- 
quent that the entire band along the line of the Indicator is 
treated as a gold-bearing lode. Poor zones occur Thus the 
Prince Pegent mine has found no pay-ore on the Indicator be- 
tween the 550-ft. level and the 770-ft. level The Speedwell 
mine traversed a barren interval between 400 and 500 ft , but 
is said to have become profitable lower down. There is, how- 
ever, at the present time, a general tendency toward impover- 
ishment in the deeper workings of the group of mines occu- 
pying the Indicator belt. 

The series of quartz-seamsf which intersect the Indicator 
are not to be considered as isolated lenticles, but must be re- 
garded as part of an extensive system of flat veins, which are 
lateral embranchments from the nearly vertical ones to be seen 
following the bedding of the slates and sandstones, as, for ex- 
ample, along B D, in Pig. 12. The workings of the mines ex- 
hibit frequent lines of faulting, or “ slides,” which dislocate the 
entire series referred to, ^.e., the Indicator, the quartz-seams en- 

* As a rule a few inches on either side of the Indicator represents the entire 
width of the pay-ore, hut 4 to 5 ft is necessarily lemoved foi convenience of ex- 
ploitation t The Australian minei calls these “makes of spurs.” 
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riclied l)y it, and the enclosing slates and sandstones. These 
‘‘ slides ” carry clay and exhibit the other characteristics of 
planes along which a movement of the rocks has taken place. 



Mr. 'W'illiam Chisholm, the manager of the Prince Regent 
mine, who is thoroughly familiar with the geological structure 
of this part of Ballarat, regards the impoverishment below the 
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Longitudinal Section of Fig 6 (After E Lidgey, Geological Snivey of Victoua 
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550-ft. level as connected with the ‘^hig slide’’ which cuts 
through the shaft 540 ft. below the surface and shifts the Indi- 
cator series 56 ft. westward. The managers of the neighbor- 
ing properties also connect similar disturbances encountered in 
the workings of their mines with the diminution in the rich- 
ness of the series of flat quartz-veins. Dr. Don takes this view, 
and confirms it with analyses of samples taken in the Prince 
Eegent mine, which prove that the solid country enclosing the 
veins is not itself gold-bearing, while the clay accompanying 


Fig. 8 



Cross-Section of Fig 6. (After E Lidgey, Geological Survey of Yictoria. ) 


the fault-fracture is rich in gold. In both cases, the presence 
of gold bore no relation to the richness or poverty of the neigh- 
boring Indicator. 

These views seem to me to he in accord with the evidence ; 
hut until the present horizon of impoverishment which charac- 
terizes the lower workings of the mines of Ballarat East is 
sncceeded, deeper down, by a horizon of enrichment, one is 
scarcely warranted in speaking of “ zones.” My experience is, 
I believe, in accord with that of most of us, in recognizing the 
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fact that gold-veins often get poorer in depth; and this occur- 
rence is so frequent that a particular exxilanation, like the one 
Fig. 9. 


The Indicator, 500-ft. Level No, 1, Llanberris Mine. 

above mentioned, gains no force by being connected with such 
a general fact. A zone of impoverishment is usually only a 
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The enrichment of the selvage accompanying the fault- 
planes, as proved by Dr. Don, is very suggestive. If these 
faults served as passages for the upward circulation of the gold- 
bearing solutions which precipitated a part of their precious 
burden, eji route, and the remainder when the Indicator seams 
were intersected, then we have a very pretty example of ore- 
Bg. 11 


A 



The Indicator, Prince Eegent Mine, Ballarat 


deposition. As yet, however, the evidence does not go much 
farther than to accentuate the coincidence between the occur- 
rence of rich gold-ore and a casing of carbonaceous rock. The 
organic matter observed in the Indicator seam, and also in the 
clay following the faults, is of particular interest, because it 
agrees with similar observations made in other mining regions. 

nor can the industry of mining which is based upon the application of science he 
aided by fancies, however alluring 
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The graphitic slates of the neighboring district of Bendigo ap- 
pear to have exerted a favorable influence on the deposition of 
gold. These, like those of Ballarat, are of Lower Silurian age, 
blit the same coincidence marks the Devonian shales of G-ympie, 
in Queensland, and the Jurassic slates* of California Small 
patches of peculiarly beautiful crystalline gold are found in the 
black Cretaceous shales of Farncomh hill, at Breckeiiridge, 



Colorado ; and' at Bieo, in the same State, a series of black 
shales and limestones of Lower Carboniferous age enclose the 
richest portion of a very extensive senes of veins. In these 
cases the blackness represents the carbonaceous remnant of 
vegetable matter which was mingled with the silt and slime out 
of which the slates and shales were formed In the case of so 
persistent and thin a seam as the Indicator we have to suppose 
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an extremely slow sedimentation, occurring in a large sheet of 
water undisturbed by cross-currents The clay of the slides,” 
examined by Dr. Don, must have derived its carbonaceous con- 
stituent through mechanical action upon the edg*es of the slate- 
beds crossed by the line of faulting ; the softer members of the 
series being, as I remember, the blackest 

Tins association of gold and carbonaceous matter has been 
investigated by Dr. Don with negative results, not only at 
Ballarat but also at Gympie It would appear that where the 
black slates are gold-bearing they also carry a notable amount 
of pyrites. This was so at Bico, where I was able to make a 
careful study* of the veins which seemed to have been favor- 
ably affected by a graphitic encasement But Dr. Don was 
looking in the enclosing rocks for the source of the gold, and 
not for a precipitant, because he is impressed with the fact that 
gold IS so easily precipitated from its solutions that it is scarcely 
necessary to seek for a special agent Nevertheless, accepting 
as I do the general theory of an ascending circulation as the 
basis of a science of ore-deposits, it seems to me that it is for 
the causes favoring precipitation that we must seek if we are 
to understand the vagaries of gold-occurrence. The experi- 
mentsf made with the Bico shale illustrated the rapidity with 
which gold is precipitated from certain solutions when they 
come in contact with such carbonaceous matter That there is 
also much black slate and graphitic shale which is not remark- 
able for containing rich gold-veins, is no particular argument 
against the value of the observation. The carbonaceous mat- 
ter was probably only one out of several factors which favored 
the precipitation of the gold ; and the pyrite, having been de- 
posited previous to the gold, was probably another But how- 
ever that may be, it is an inquiry which must be left to pains- 
taking investigators like Dr Don, and not to mining engineers, 
who, like the writer, have not the time or the ability for such 
work. For us, and for the miners whom we direct, it is well 
to emphasize the fact that certain observed conditions, struc- 
tural or physical, are favorable to the finding of gold , and if, 
in our daily work, we can collect further observations of this 
kind we shall have done something to aid the endeavors of the 
specialists who are patiently trying to unravel the mysteries 
which beset the genesis of ore-deposits. 

“The Enterpiise Mine, Eico, Colorado,” Trans , xxvi , 906 
I Op cit , p 978 
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The Testing of Winding-Ropes in the Province of Anhalt, 
Germany. 

BY FRANK H PROBEET, A R S M , LONDON, ENG 
(Canadian Meeting, August, 1900 ) 

The milling laws relating to winding-ropes in some of the 
German provinces are very strict, and severe tests have to he 
periodically made to see that the ropes in nse come up to the 
prescribed standard, A few notes on the method of testing 
the ropes and the results obtained may be of interest to the 
members of the Institute. 

Permission must be given by the Inspector of Mines to put 
up a winding-plant ; and previous to installation a full report 
made by the manager, clearly setting forth all details of the 
shaft, the pit-head, engines and appliances appertaining thereto 
has to he sent to the mining officials. Accompanying each 
subsequent report, further details, such as the name of the firm 
supplying the rope, construction, quality of steel, date of in- 
stallment, w-eight per meter, length, particulars of the safety- 
catches, cages, etc., must be given. 

At least one spare rope must he kept at every shaft: ready 
for use in case of emergency. 

The rope must hang in the shaft, with cage attached, not 
less than twenty-four hours before it is used for winding ; and 
it must have “undergone a severe test in the manner hereafter 
described. 

The laws prescribe that when a rope is continually in use it 
must be tested every three months ; but if the rope is only 
used every few days it must be tested at least every six months, 
in the presence of the superior officer , and notification of the 
date of testing has to he sent to the Bergrath two days before 
the test is made, in order that he can personally superintend 
the operation if he chooses. 

Should winding have been stopped for a long time, it is not 
necessary to test every six months ; but before the rope can be 
used again it must he tested. 
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Every two weeks th,e shaft must he thoroughly examined by 
the underground foreman, to see that the runners are m good 
order, while at the same time another man allows the rope to 
pass slowly and loosely through the hand, to see that no wires 
are broken. A special book is kept, to be signed by those car- 
rying out these fortnightly tests. 

F or the other tests, a length of not less than 3 meters is cut 
ofi from the cage-end of the rope This 3 meters is reckoned 
from the top of the safety-clutch, so that, counting that part 



Testing-Machine fob Tensile Strength 


of the rope which forms the splice, from 3| to 4 meters are 
usually cut off. The one meter above the splice is that selected 
for the test 

The meter chosen is untwisted and thoroughly cleaned, to 
remove the grease with which the winding-ropes are smeared. 
The central core and the small cores of each strand are laid on 
one side and not tested. Each individual strand has to be 
kept separate, and the wires making up the strands are all 
numbered. 
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The flexibility and the tensile strength of each wire is deter- 
mined. 

To And the breakiiig-weiglit, a rough testing-machine, 
shown in Fig. 1, is used. One strand is taken at a time, and 
each wire of it is proved before another strand is touched 
The wires are taken in order, and tightly clamped between the 
jaws, which, being about YO cm. apart, leave a length of 30 cm 
to be tested for flexibility. Successive weights of 1 pound Q 
kilo) are put into the scale-pan, time being allowed for the 
stretching of the wire. The elongation is taken up by the 


Fig. 2 



screw shown. Suflicient weights are added to break the wire, 
and the fracture is examined with a hand-lens, to see that no 
flaw exists. 

That part of the wire which has not been submitted to the 
strain is now tested to determine its flexibility. A small hand- 
machine (Fig 2) is used for this purpose. The wire is threaded 
through a small hole in the projecting arm, and tightly clamped 
between the jaws by means of a vise. The small cylinder 
marked a must he 10 mm. in diameter. The wire being 
placed in position, the handle is moved alternately right and 
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left tlirough an angle of 90° from the vertical. This mubt be 
clone without jerking until the wire breaks — the niiinber of 
turns being noted. From the vertical, thi'ough 90° and back 
to the vertical, counts as one turn In this way every wire is 
tested 

Wires up to 2 0 mm. m diameter must be able to stand 8 
turns before breaking; wires fi’om 2.0 to 2 2 mm , 7 turns, 
from 2 2 to 2 5 mm , 6 turns; from 2 5 to 2.8 mm , 5 turns; 
and then of 2 8 and upwards, 4 turns. 

The tests being finished, the results are tabulated as shown 
below The weights in Idlogrammes are added together and 
divided by the number of wires. This total is diminished by 
20 per cent., and any wire that cannot bear the strain ecj[ual to 
the weight thus obtained is not included in the calculation 
Also, any wire that cannot stand the number of turns prescribed 
for it IS thrown out When one rope is used for hoisting both 
men and mineral, two things have to be determined (1) the 
relation between the tensile strength and the strain that is 
usually put upon the rope when hoisting men, and (2) the same 
relation when hoisting products. For these purposes, a fair 
average is taken of the weight of four men — the number 
usually carried in one cage — and also that of a wagonfiil of 
ore. To this is added the weight of the rope, cage and safety- 
appliances. The total is divided into the sum obtained above, 
and we thus establish a ratio between the actual strain the rope 
will bear and the strain the rope is always submitted to when 
winding. This ratio must not he less than 6 to 1. Should it 
fall below that, the rope is condemned. 

Ho rope is allowed to be used for more than three years, no 
matter how good it may be after the lapse of this time, unless 
special permission is obtained from the Chief Inspector of Mines. 

Having thus briefly described the method of testing, I will 
call attention to the results obtained from some ropes I have 
tested, which have brought to my notice one or two interesting 
points 

I give here a full report on one of the ropes used at the mine 
of Meiseherg, in order to show the form in which the results 
are sent to the Inspector of Mines. The calculations referring 
to other ropes I have briefly summarized in the following tables 
and plotted the results. All the ropes were of the “ Lang’s 
lay ” pattern. 
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Table 1 — Winding-Mope from the Meiseherg Mine— First Test. 

Manufacturers of rope, Felten and G-mllaume Date of delivery to mine, 17th 
April, 1895 Date of installment, 19th April, 1895 Date of cutting the test- 
piece, 18th April, 1895. Details of rope : Length, 350 m. ; weight, 521 kg , 
diam , 21 mm 

Manufactured from the best crucihle-steel 

Construction 6 strands of 8 wires, each 1 8 mm dia , core of 7 wires, each 
1 mm diam to each strand 


__ . 


Breakmg- 
We^ht in 

Elasticity 
No of Turns 
Throngh 


No of 

No of 

Remarks 

Strand 

Wire 

180° to Break 





Wire 




n 

305 

21 

Each wire must have a breaking- 




285 

21 

weight of at least 224 kg , and be 



3 

300 

19 

ahl^ to stand 8 turns through 180° 

1 


4 

280 

19 

before breaking 


5 

260 

26 




6 

275 

21 




7 

245 

20 




8 

300 

16 

All the wiies come up to the standard 



fl 

295 

19 



2 

265 

26 

demanded by the law, as legaids 
both breaking-weight and elas- 



3 

290 

22 

2 . 


4 

265 

24 

ticity. 


6 

300 

23 



6 

255 

21 




7 

250 

22 




8 

280 

24 




fl 

255 

25 




2 

255 

23 




3 

315 

18 


3 .. 


4 

285 

20 

Winding of Products 



6 

315 

16 

1710)13410(7 84 



7 

255 

24 

1197Q 



8 

290 

22 

14400 



fl 

290 

24 

13680 



2 

290 

20 




3 

275 

21 

7200 

4 


4 

290 

22 



5 

310 

20 




6 

270 

25 

Winding of Men 



7 

8 
fl 

270 

290 

290 

20 

18 

20 

1250)13410(10 73 

1250 



2 

255 

24 

9100 



3 

280 

22 

8750 

5 


4 

5 

290 

270 

22 

20 

3500 



6 

240 

23 




7 

275 

23 




L8 

280 

21 

Neudorf, 20th April, 1895, 



fl 

2 

275 

290 

21 

25 

Signed, 



' 3 

290 

25 

Mining Engineer 

1 /a 


4 

286 

20 


D 


5 

300 

18 




6 

285 

20 




7 

280 

23 


1 

[ 

8 

270 

27 


Total 1 j 

13,410 
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Table II. — Winding-Eope from the Meiseberg Mine — Second Test 

Manufactuieis of rope, Felten and Guillaume Date of delivery to mine, 17tli 
April, 1895 Date of installment, 19tli April, 1895 Date of cutting the test- 
piece, 12th August, 1895 Details of rope Length, 350 m, , weight, 521 kg : 
diam , 21 mm 

Manufactmed from the best crucible-steel 

Construction 6 strands of 8 wires, each 1 8 mm diam , core of 7 wires, each 
1 mm diam. to each strand 





Elasticity 


No of 
Strand 

No of 
Wire 

Breaking- 
Weight in 
Kg 

No of Turns 
Through 
180° to Break 

Eemarks 



Wire 




fl 

295 

22 

Each wire must have a breaking- 



2 

310 

32 

weight of at least 226 kg , and be 



3 

305 

26 

able to stand 8 turns through 180° 

1 


4 

280 

19 

befoie breaking 


5 

275 

20 



6 

260 

23 




7 

285 

16 




8 

270 

20 




fl 

305 

20 

All the wiies come up to the standard 



2 

285 

21 

demanded by the law, both as re- 
gards breaking-weight and elas- 



3 

295 

19 

9. 


4 

260 

21 

ticity 



5 

270 

27 



6 

275 

26 




7 

290 

20 




8 

260 

21 




'1 

300 

24 




2 

265 

24 




3 

280 

22 


3 


4 

5 

290 

275 

19 

26 

Winding of Pi oducfs 



6 

270 

21 

1710)13520(7 90 



7 

300 

15 

11970 



8 

290 

24 

15500 



'1 

275 

19 

1 15390 



2 

255 1 

21 




3 

275 

22 

1100 

4. . . 


4 

290 

14 



5 

285 

43 




6 

295 

26 

Winding of Men 



7 

L8 

fl 

295 

285 

300 

22 

24 

20 

1250)13520(10 81 

1250 



2 

290 

20 

10200 



3 

315 

19 

' 10000 

5 


4 

5 

235 

285 

14 

20 

2000 



6 

275 

20 




7 

290 

25 




l8 

270 

22 

Neudoif, 16th August, 1895 



'1 

2 

265 

245 

26 

28 

Signed, 



3 

310 

19 

Minmg Engmeei 

_ 


4 

285 

18 




5 

260 

27 




6 

290 

25 




7 

305 

22 



18 

306 

19 


Total 


13,520 
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Table III.— Winding- Rope from the Meiseberg Mine— Third Test 

Alanufacturers of rope, Pelten aad Guillaume Date of delivery to mine, 17tli 
April, 1895 Date of installment, ISth. April, 1895 Date of cutting the teet- 
piece, 15tli November, 1895 Details of lope Length, 350 in , weiglit, 521 
kg , diain , 21 mm 

Manufactured of best cmcible-steel 

Construction 6 strands of 8 wires, each 1 8 mm diam , coie of 7 wiies, each 
1 mm diam to each strand 



i 

1 

Breating- 
eight in 
Kg 

Elasticity 
No ol Turns 


Ko of 

1 Ko of 

Bemailrs 

Strand 

Wire 

180° to Break 




Wire 




fl 

260 

25 

Each wiie must have a breaking- 


2 

280 

19 

weight of at least 222 kg , and he 



8 

265 

21 

abl^ to stand 8 turns through 180° 



4 

285 

21 

before breaking 



5 

285 

21 



6 

305 

17 




7 

280 

22 




8 

200 

62 





290 

300 

25 

The wire Ho. 7, stiand 3, falls below 
the standard required by the law 







!_4 


22 

as regards breakiiig-'weight, hence 

2 .. 


[s 

soo 

21 

it must be deducted from the total 



6 

290 

22 




7 

8 

265 

295 

23 

18 

13496 — 216 ==13280 



fl 

300 

24 




2 

275 

30 




3 

300 

37 




4 

295 

21 


■ 


5 

1-6 

280 

goo 

24 

18 

Wmdvng of Pi oducts 



7 

215 

25 

1710)18280(7 76 



[8 

270 

23 

11970 



fl 

310 

20 

13100 



2 

290 

20 

11970 



3 

285 

24 

11300 



4 

295 

18 

4 

1 

5 

270 

20 

10260 



6 

276 

20 

1040 



7 

820 

16 


1 

8 

295 

23 




'1 

2 

270 

280 

20 

20 

Winding of Men 



3 

270 

15 

1250)13280(10 62 



4 

310 

22 

1250 



5 

255 

18 

7800 



6 

280 

21 

7600 



7 

280 

20 



1 

.8 

300 

30 

3000 



1 

276 

24 




2 

260 

20 




3 

270 

22 

Heudorf. 

6 . 


4 

5 

270 

290 

27 

28 

Signed, 



6 

275 

19 

Mining Engineer 



7 

255 

18 




,8 

245 

19 


Total 


13,496 
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Table IV — Winding-Mope from the Meiseberg Mine — 
Fourth Test. 

A GuiUaume Date of delivery to mine, 17tli 

April, 1895 Date of installment, 19tk April, 1895 Date of cutting the test- 
piece, 1^0 March, 1896 Details of rope Length, 350 m , weight, 521 kg , 
aiam , 21 mm ^ o 3 & 3 

Manufactured from the best crucible-steel 

Constiuction 6 strands of 8 wiies, each 1 8 mm diam , core of 7 wires, each 
1mm diam to each strand 




Breaking- 

Elasticity 


No of 

No of 
Wire, 

No of Turns 


strand 

Weght in 

Through 
180° to Break 

Remarks 




Rope 




fl 

300 

19 

Each wire must have a breaking- 



2 

280 

21 

weight of at least 240 kg , and be 



3 

295 

21 

able to stand 8 turns through 180° 

1 


4 

5 

285 

300 

18 

27 

before breaking 



6 

330 

19 




7 

310 

19 




,8 

295 

21 




'1 

2 

280 

286 

17 

24 

All the wires come up to the standard 



3 

296 

26 

demanded by the law, both as re- 

2.. 


4 

305 

16 

gards breaking-weight and elas- 


5 

296 

20 

ticity 



6 

300 

19 




7 

280 

24 




L8 

296 

22 




fl 

300 

23 




2 

296 

24 




3 

295 

24 

Winding of ^Products 

3 

■ 

4 

5 

300 

300 

24 

33 

1710)14385(8 41 

13680 



6 

300 

27 



7 

325 

21 

7060 



L8 

296 

20 

6840 



fl 

316 

24 

2100 



2 

290 

23 

1710 



3 

310 

19 


4 


4 

300 

17 




6 

276 

15 




6 

290 

22 

Winding of Men 



7 

u 

400 

286 

16 

24 

1250)14385(11 50 

1250 



'1 

305 

16 




2 

320 

18 

1885 



3 

335 

32 

1250 

5 


4 1 

295 

21 

6350 



5 1 

280 

21 

6250 



6 

300 

20 





345 

19 

1000 



.8 i 

300 

17 




fl i 

315 

18 



! 

2 

300 

19 

Neudorf. 

6. 


3 

4 

290 

305 

17 

21 

Signed, 


5 

6 

300 

290 

22 

18 

Mining Engineer 


1 7 

305 

20 



18 

^295 

18 


Total 


14,385 




von xsx — 63 
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Table V — Winding- Bope from the Meiseherg Mine — Fifth Test 

Manufacturers of rope, Felten and Q-mllaume Date of delivery to mine, 17tli 
Apnl, 1895 Date of installment, 19tli April, 1895 Date of cutting the test- 
piece, 29 January, 1897 Details of rope Length, 350 m , weight, 521 kg ; 
diam , 21 mm 

Manufactured of best erucihle-steel 

Construction 6 strands of 8 wiies, each 1 8 mm diam , core of 7 wires, each 
1 mm diam to each strand 




Breaking- 

Elasticity 
No of Turns 


No of 

No Of 

Remarks 

Strand 

Wire 


180° to Break 





Wire 



(1 

295 

35 

Each wire must have a breaking- 


2 

290 

26 

weight of at least 241 kg , and be 


1 3 

310 

19 

able to stand 8 turns through 180° 

1 . . 

1 4 

300 

28 

before breaking 


5 

300 

19 



6 

380 

21 




7 

8 

295 

305 

295 

21 

15 

20 

All the wires come up to the standard 
required by the mining laws 



2 

290 

22 




3 

300 

19 


2 . . 


4 

300 

16 



5 

300 

23 




6 

315 

28 




7 

285 

18 




8 

310 

22 

Wmdinff of Products 



1 

2 

295 

285 

18 

26 

1710)i435(8.44 

13680 



3 

310 

21 



4 

295 

21 

7550 

3 


5 

300 

22 

6840 



6 

300 

21 

7100 



7 

325 

20 

6840 



8 

285 ! 

12 



ri 

310 

23 

260 



2 

315 

29 




3 

325 

16 


4 . . 


4 

300 

305 

21 

28 

Winding of Men 



6 

300 

17 

1250)14435(11 64 



7 

300 

25 

1250 



8 

280 

30 

1935 



1 

290 

16 

1250 



2 

310 

23 




3 

285 

23 

6850 

5 


4 

290 

22 

6250 


5 

295 

13 

6000 



6 

315 

19 


i 

7 

8 

ri 

295 

13 




295 

305 

19 

17 

Neudorf, 3d February, 1897 



2 

300 

22 

Signed, 



3 

305 1 

16 

6 


4 

286 

22 

Mimng Engineer 



5 i 

305 

20 




6 

290 

25 




7 

295 

28 


Total j 


8 

325 

14 



1 

14,435 






TESTING OF WINDING-EOPES IN PROVINCE OF ANHALT. 1029 


Table Yl.— Winding-Ilojpe from the Mmeherg Mine — 8ixth Test 

Manu^turers of lope, Felten and Guillaume Date of delivery to mine, 17tli 
Apiil, 1895 Date of installment, 19th April, 1895 Date of cutting the test- 
piece, Mth July, 1897 Details of rope Length, 350 m. , weight, 521 kg , 
diam , 21 mm “ ’ 

Manufactured of best crucible-steel 

Construction 6 strands of 8 wiies, each 1 8 mm diam, , core of 7 wires, each 
1 mm. diam to each stiand 


No of 
Strand. 

No of 
Wire 

Breaking- 
Weight in 

Elasticity 
No of Turns 
Through 
180° to Break 
Wire 

Remarks 



ri 

280 

23 

Each wire must have a breaking 



2 

310 

27 

weight of at least 235 kg , and be 



3 

286 

21 

able to stand 8 turns through 180° 

1 


4 

290 

23 

before breaking 



5 

305 

20 




6 

310 

17 




7 

300 

23 




8 

265 

21 

All the wires come up to the standard 



fl 

300 

17 

lequired by the minmg laws 



2 

300 

18 




3 

265 

19 


2 


4 

305 

12 




6 

310 

18 




6 

300 

20 




7 

296 

22 




8 

'1 

305 

290 

27 

21 

Winding oj Pi oducts 



2 

295 

16 

1710)14120(8 25 



3 

295 

19 

13680 

3 


4 

300 

22 

4400 



5 

300 

20 

3420 



6 

290 

18 




7 

295 

21 

9800 



,8 

300 

21 

8550 




285 

14 




2 

290 

17 




3 

315 

23 

Winding of Men 

4 , 


4 

5 

290 

305 

20 

17 

1250)14120(11.29 

1 1250 



6 

310 

22 




7 

285 

21 

1620 



18 

300 

22 

1250 



ri 

285 

17 

3700 



i 2 

280 

21 

2500 



3 

305 

20 




4 

315 

28 

12000 

5.. 


5 

265 

20 

11250 



' 6 

285 

20 

. 



7 

290 

17 




L8 

275 

17 




[1 

290 

24 

Neudorf, 17th July, 1897 



2 

290 

16 

Signed, 



3 

280 

18 




4 

300 

18 

Mining Engineer 

6 


5 

285 

25 




6 

290 

16 




7 * 

315 

16 




L8 

300 

25 


Total 


14,120 






1030 TESTING OP WINDING-EOPES IN PEOVINCE OF ANHALT. 


Table VII.— Wincling-Ro^pe from the Meiseberg Mine-- 
Seventh Test 

Manufacturers of rope, Felten and Guillaume Date of delivery to mine, 17tli 
April, 1895. Date of installment, 19th April, lS9o Date of cutting the test 
piece, 3d March, 1898 Details of rope Length, 360 m , weight, 521 kg , 
diam., 21 mm. 

Manufactured of best crucible-steel. « 7 onoVi 

Construction 6 strands of 8 wires, each 1 8 mm diara , core of 7 wires, each 
1 rnm diam. to each stiand 




— 

Elasticity 


No of 

No or 

Breaking- 
We^bt in 

No of Turns 
Thron^b 

Eemarks 

Strand 

Wire , 

[80° to Break 




Wire 




'1 

290 

12 

Each wire must have a breaking- 
weight of at least 234 kg , and be 
able to stand 8 turns through 180° 



2 

300 

15 



3 

300 

16 



4 

295 

17 

before breaking 

1 


5 

285 

20 




6 

305 

18 




7 

295 

20 




lS 

275 

24 

Wire No 4, strand 6, falls below the 




300 

27 

standard required by the law as re- 



2 

275 

21 

gards brealring-weight, hence it 



3 

305 

14 

must be deducted from the total 



4 

280 

18 


2 . . 


5 

300 

20 




6 

7 

285 

280 

18 

11 

14050 — 226 — 13825 



8 

300 

20 




fl 

280 

18 




2 

300 

12 




3 

285 

19 




4 

305 

19 

Wmdinff of Prodmis 

3. . . 


5 

285 

17 



8 

345 

13 

1710)13826(8.08 



7 

300 

18 

13680 



18 

1 

2 

240 

295 

330 

17 

17 

16 

! 14500 

13680 

j 


3 

280 

20 

820 

4. .i 


4 

315 

23 



5 

270 

22 




6 

7 

325 

290 

! 17 

15 

Windmg of Men 



8 

290 

21 

1260)13825(11 06 


1 

h i 

315 

20 

1250 



2 

290 

18 

1325 



3 

296 

20 

1250 

6 .. 


4 

300 

19 



5 

280 

21 

^^MO 



6 

290 

20 

7509 



7 

295 

17 




^8 

290 

21 




1 

2 

300 

280 

22 

19 

Nendorf, 14th March, 1898 



3 

275 

15 

Signed, 



4 

226 

19 


6 . . . ... 


5 

280 

22 

Mvimg Engineer 



6 

340 

23 




7 

290 

25 



1 

8 

3P0 

18 


Total j 


14,050 
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Table VIII — Winding-Rope from the Meiseberg Mine — 
Eighth Test 

Manufacturers of rope, Felten and Gmllaume Date of delivery to mine, 17tli 
April, 1896 Date wlien first installed, 19tli Apiil, 1895 Date of cutting the 
test-piece, 16tli Septembei, 1898 Details of lope 350 m long , weieht, 521 ke , 
diam , 21 mm 

Made of crucible-steel 

Constiuction 6 strands of 8 wires, each 1 8 mm diam ; core of 7 wires, each 1 
mm diam to each stiand 




Breaking- 
Weight in 

Elasticity 


No of 
Strand 

No of 
Wire 

No of Turns 
Through 
180° to Break 

Remarks 




Wire 




fl 

275 

21 

Each wire must have a breaking- 



2 


21 

weight of at least 225 kg , and be 



3 

280 

11 

able to stand 8 turns through 180° 

1. . 


4 

5 

275 

300 

19 

17 

before breaking 



6 

270 

25 




7 

275 

23 

20 

19 

All the wires come up to the standard 



fl 

275 

required by the mining laws 



2 

275 

27 




3 

310 

21 




4 

270 

16 


2 . ... 


5 

290 

19 




6 

290 

20 




7 

290 

15 




8 

290 

19 




'1 

285 

17 

Windtnff of Products 

3 . 


2 

3 

4 

290 

290 

285 

19 

17 

19 

1710)13490(7 88 

11970 


6 

290 

8 

15200 



6 

275 

22 

13680 



7 

18 

fl 

290 

276 

290 

18 

17 

20 

15200 

13680 



2 

265 

22 

1520 



3 

295 

21 




4 

275 

21 


4 


5 

280 

20 

'W^ndmg of Men 



6 

7 

245 

265 

17 

20 

1250)13490(10 79 

1250 



8 

280 

14 




fl 

276 

19 

9900 



2 

275 

21 

8750 



3 

275 

19 

11500 



4 

306 

11 

11250 

5 


5 

255 

20 



6 

295 

14 




7 

L8 

260 

310 

24 

18 

Neudorf, 20th Septembei, 1898 



fl 

280 

19 

Signed, 



2 

276 

25 




3 

265 

20 

Mining Engineer. 



4 

310 

16 


6 


5 

250 

19 




6 

300 

20 




7 

265 

20 




8 

285 

20 


Total 


13,490 

1 






1032 TESTING OF 'WINDING-ROPES IN PRO'VINOE OF ANHALT 


Table JX.— Windmcj-Itope from the Mmeberg Mine— Ninth Test 

Manufacturers of rope, Felten and Guillaume Date of deLvery to mine, 17th 
Apnl, 1896 Date when fiist installed, 19th April, 1895 Date of cutting the 
test-piece, 17th March, 1899 Details of rope 350 m long , weight, 521 kg ; 
diam , 21 nim 

Made of crucible-steel , . 

Construction 6 strands of 8 wires, each 1 8 mm diam , coie of 7 wires, each 1 
mm diam to each stiand 


No of 
Strand 

No of 
Wire 

! 

Breaking- 
We^ht in 

Elasticity 
No of Turns 
Through 
180 ° to Break 
Wire 

Remarks 



ri 

300 

16 

Each wire must have a breaking- 



2 

270 

21 

weight of at least 226 kg , and he 



3 

290 

13 

able to stand 8 turns through 180° 



4 

260 

14 

before bieaking 

1 . 


5 

280 

16 




6 

205 

20 




7 

295 

16 




S 

275 

38 




ri 

305 

16 

Wire No 6, strand 1, falls below the 



2 

300 

17 

standard required by the mining 



3 

280 

26 

laws as regards hr eaking-iv eight, 



4 

280 

19 

hence it must be deducted from the 

2 


5 

290 

15 

total 



6 

300 

19 




7 

310 

22 




8 

290 

20 

13560 — 205 = 13355 



fl 

285 

15 




2 

265 

14 




3 

290 

14 




4 

285 

19 


3 . ... 


5 

6 

300 

275 

16 

20 

Winding of Products 



7 

265 

20 

1710)13356(7.81 




290 

22 

11970 



ri 

805 

11 

13850 



2 

285 

19 

13680 



3 

265 

23 




4 

290 

18 

1700 

4 


6 

286 

14 




6 

280 

19 




7 

280 

12 

Winding of Mm. 



8 

315 

295 

13 

16 

1250)13355(10 68 

1250 



2 

280 

12 




3 

285 

20 

8560 



4 

230 

16 

7500 

6 


6 

305 

21 

10500 



6 

300 

20 

10000 



7 

255 

17 




8 

270 

21 

500 



1 

300 

17 




2 

290 

15 




3 

270 

22 

Neudorf, 23d March, 1899. 

Q 


4 

270 

19 

Signed, 



6 

290 

17 




6 

270 

18 

Mimng Engineer 



7 

295 

18 




8 

265 

23 


Total 


13,560 
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Table X. — Winding-Bojpe from the Meiseberg Mine — Tenth Test. 

Manufacturers of rope, Felten and GmUaume Date of delivery to mine, 17tli 
April, 1895 Date wlien first installed, 19th April, 1895 Date of cutting the 
test-piece, 13th September, 1899 Details of rope 350 m long , weight, 521 
Kg , diam , 21 mm * ^ o ? 

Made of crucible-steel 

Construction 6 stiands of 8 wires, each 1 8 mm diam , core of 7 wires, each 1 
mm diam to each strand 





Elasticity 


No of 
Strand 

No of 
Wire 

Bieaking- 
We^t in 

No of Turns 
Througli 
180“ to Break 

Remarks 




Wire 




fl 

275 

20 

Each wire must have a bieaking- 



2 

270 

19 

weight of at least 211 kg , and be 



3 

275 

18 

able to stand 8 turns through 180° 

1. 


4 

5 

245 

260 

12 

20 

before breaking 



6 

295 

13 




7 

276 

22 

"Wire No 7, strand 5, falls below the 
standard lequired by the minmg 



.8 

300 

24 



1 

245 

12 

laws as regards breaking-weight, 



2 

270 

28 

hence it must he deducted from the 



3 

260 

18 

total 

2 


4 

275 

22 



5 

260 

13 




6 

285 

21 

12670 — 210 = 12460 



7 

270 

15 




8 

270 

18 




1 

270 

16 




2 

245 

11 




3 

266 

19 




4 

280 

23 




5 

265 

29 

19 

27 

25 1 

Winding of Products 



7 

8 

265 

270 

1710)12460(7 28 

11970 



fl 

265 

24 

4900 



2 

240 

19 ' 

3420 

4 


3 

4 

5 

280 

245 

296 

29 

16 

22 

14800 

13680 



6 

220 

21 




7 

260 

19 

Winding of Men 



8 

285 

21 



fl 

280 

23 

1250)12460(9.96 



2 

275 I 

24 

11250 

5 


3 

4 

5 

270 

270 

275 

22 

21 

22 

12100 

11260 



6 

265 

19 

8500 



7 

210 

22 

7500 



[8 

250 

36 




'1 

265 

17 




2 

270 

31 

Neudorf, 15th September, 1899. 



3 

240 

16 

Frank H. Probert, A E S M , 

6 


4 

5 

260 

280 

22 

16 

Mining Engineer 



6 

245 

19 




7 

265 

18 




8 

260 

24 


Total. 


12,670 
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Table 'Sl.— 'Windmg-Rope fmn the Meiseberg Mine— 
JSleventh Test. 

Maniofactureis of rope, Felten and G-nillanme Date of delivery to mine, 17th 
April 1895 Date wlien first installed, 19tli Apiil, 1896 Date of cutting tlie 
teat-piece, Sth March, 1900 Details of rope 350 m long , weight, 521 kg , 
diara , 21 min 

Made of cnicifcle-steel 

Construction 6 strands of S wires, each 1 8 mm diaoi , coie of 7 wires, each 
1 mm diam. to each strand 


__ - 


Brealfing- 

Elasticity 
No of Turns 


No of 

No of 

Remarks 

Strand 

Wire 

ig 

180“ to Bleak 





Wire 




ri 

280 

20 

Each wire must have a breaking- 



2 

285 

20 

weight of at least 233 kg , and be 



3 

230 

25 

able to stand 8 tui ns thidugh 180° 



4 

280 

16 

before breaking 



5 

280 

16 




6 

285 

28 




7 

2S5 

25 




8 

275 

20 

All the wires come up to the standaid 



ri 

295 

21 

required by the miriing laws. 



2 

290 

19 




3 

295 

23 




4 

285 

20 




6 

205 

21 




d 

295 

21 




7 

275 

22 




8 

280 

14 




fl 

200 

20 




2 

3 

290 

280 

16 

20 

Winding o/ Products 



4 

295 

16 

1710)13385(7 82 

^ 

' 

6 

276 

16 

11970 



6 

7 

.8 

290 

226 

275 

22 

17 

20 

14150 

13680 



ri- 

1 280 

21 

4700 



2 

280 

18 

3420 



5 

295 

21 

- 



4 

290 

20 


4 - , 


5 

285 

19 




! 6 

! 276 

' 17 

IFandifw? of Mm 



7 

8 

290 

270 

24 

22 

1260)13385(10 70 

1250 




285 

19 




2 

280 

22 

8850 



$ 

280 

22 

1 8750 

K 


4 

305 

' 22 

1000 

O**.* •• • 


d 

240 

' 34 



6 

; 295 

i 25 

1 



7 

a 

280 
i 276 

12 

27 

Neudorf, ISth Mai oh, 1900 



"1 

295 

17 

Ebank H Pbobert, A.B 8 M., 



2 

$ 

295 

200 

30 

22 

Mxnmg WiUTineer 



4 

275 

1 21 



6 

280 

15 




6 

265 

, 25 




1 

295 

1 16 

1 



S 

266 

16 


Total 

1 


13,385 
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Table XII. — Details for Diagram, Dig 3 
Curve No 1 




^lonths 1 

Bpe-ikin 

s-Stpaiv 

Details of Rope 

Date of Test 

Between 

Winding- 




Men [ Products 



Tests 

Ev ery Day Strain 
Taken as 1 

Manufacturers, Thomas and MM- 

Apiil 22, ’96 


12 50 

9 65 

liam Schmidt, Hamhuig 

July 1, ’96 

21 

12 74 

9 86 

Length, 350 meters 

Oct 26, ’96 

4 

12 80 

9 90 

Diam , 21 mm 

Jan 7, ’97 


12 63 

9 76 

Made from first quality English 

Mai 13, ’97 

2 

12 31 

9 58 

cjucible cast-steel 

May 22, ’97 


12 55 

9 71 

Construction 6 strands of 7 wiies, 

July 29, ’97 

2 

11 85 

9 17 

each 1 8 mm. diam In each 
strand is a_ core of 6 wires, each 
1 0 mm diam Central core of 
flax 






Date of delivery to Pfaffenberg 





Mine, 18th June, 1892 

Date of installment, 7th February, 





1896 





I Curve No 2 







11 35 

8.78 




11 58 

8 96 

Same as above 

Same as above 

Same as 
above 

11 52 
11 09 
11 38 

8 91 

8 68 

8 80 




11 37 

8 79 




11 54 

8 93 

1 Curve No 3 




Manufacturers, Felten and Guil- 

Oct 25, ’97. 


11 28 

8 79 

laume, Mulheim, Rhineland 

June 3, ’98 

71 

10 53 

8 20 

Length, 380 meters 

Dec 11, ’98 

ei 

10 53 i 

8 23 

Diam , 21 mm 

June 8, ’ 99 

6 

9 92 

7 73 

Made of first quality English cruci- 

Dec 8, ’99 

6 

10 23 1 

7 97 

ble cast-steel * 

Construction 6 strands of 8 wires, 
each 1 8 mm, diam In each 
strand is a core of 7 wires, each 
1 0 mm diam Central core of 
hemp 

Date of delivery to Pfaffenberg 

June 12, ’00 

6 

10 64 

8 29 

Mine, 17th August, 1897, 

Date of installment, 25thL October, 





1897 





1 Curve No 4. 







11 03 

! 8.60 




10.43 

1 8 12 

Same as above 

Same as above 

Same as 
above 

10 68 
10 20 

8 32 

7 95 




10 35 

8 06 




10 51 

8 19 
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Table XTL— Details for Diagram, Fig, 3. {Continued.) 


Curve No 5 




Jlonths 

Bkeaking-Stkain 

Details of Rope 

Date of Test 

Between 
Two Con- 
secutive 
Tests 

Winding 

Men 1 Products 
Every Day Strain 
Taken as 1 

Manufacturers, Pel ten and Guil- 
laume, Multeim, Ehineland 
Length, 350 meters 

Diam , 21 mm 

Weight, 521 kilogiams 

Made from the best quality English 
crucible cast-steel 

Construction . 6 strands of 8 wiies, 
each ivire 1 S mm diam In 
each stiand is a core of 7 wires , 
each 1. 0 mm. diam Central 

coie of hemp 

Date of deliveiy to Meiseherg Mine, 
17th April, 1895 

Date of installment, 19th April, 
1895 

Apiil 18, ’95 
Aug. 12, ’95 
Nov 15, ’95 
May 10, ’96 
Jan 29, ’97 
July 14, ’97 
Mar 9, ’98 
Sept 16, ’98 
Mar 17, ’99 
Sept 13, ’99 
Mar 9, ’00. 

4 

3 

4 

lOi 

6| 

8 

6 

6 

6 

6 

10 73 
10 81 

10 62 

11 50 
11 54 
11 29 

11 06 
10 79 
10 68 

9 96 
10 70 

7 84 

7 90 

7 76 

8 41 

8 44 

8 25 

8 08 

7 88 
7.80 

7 28 

7 83 

Curve No 6 




Same as above 

Same as above 

1 

Same as 
above 

11.02 
10 28 

10 50 

11 41 
11 58 
11 29 
11 08 
10.87 
10 93 
10 00 1 
10 85 

8 05 

7 50 

7 67 

8 34 
8.47 

8 26 

8 09 

7 94 

7 99 

7 36 

7 93 


The first and second ropes were not used long, liecanse it was 
found that in every test there were invariably five or six wires 
falling, in both tensile strength and flexibility, below the standard 
required by the law, whereas the other wires were so good that 
the total was much above the prescribed sum, as is seen from 
the table. 

All the ropes that have come under my notice at these mines 
have shown that after their installation their strength falls off, 
and subsequently rises. This characteristic does not always 
occur at the same time, but that it does happen sooner or later 
is shown by a cursory glance at the curves in ffig. 3. On see- 
ing this, one naturally looks for an explanation, and I shall be 




Bi caking Straia Noimal Strain taken as 1. 

Diagram of Breaking-Strains of Various Ropes after Various Periods 
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gratified if these few notes promote a good discussion. I am 
of the opinion that a molecular rearrangement takes place as 
soon as the rope is used This movement may he very rapid 
or it may take months, according to the work put on the rope 
Eopes Eos Ij 2, 5 aud 6 were continually in use, day and night, 



for the first twelve or fifteen months after their installment; 
but after that, ropes 5 and 6 were only used for winding ore 
every two or three days Ropes 3 and 4 have never been much 
used, and, for the last eight or nine months, have been hang- 
ing idle in the shaft. 


Fig 
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Introduction. 


Since 1892 the writer has published several articles in the 
Migineenng and Mining Journal concerning the relations of the 
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principal vein-systems to the geognosy of Arizona and adjacent 
portions of Iilevada and Mexico. Mnch has been written by 
local observers which might tend to leave the impression that 
no definite principles guide the engineer, either in exploration 
or m exploitation, in this region. But facts enough have now 
been gathered to prove that the diversity and complexity of 
the vein-structure are not so great as appears at first sight 
There is a certain confusion of the geologic record in the more 
disturbed areas, which might be difficult to disentangle without 
the clues afibrded hy other districts, and this has often misled 
those who have not been able to make the needed compari- 
sons.* 

A discouraging misconception, largely due to the early 
mining history of Arizona, has seriously retarded the commer- 
cial progress of the Territory. The unfortunate portions of 
the history of Tombstone and the Silver King mine are ever- 
present “ scare-crows ” to many experts, notwithstanding two 
2 Droved facts, which may not be as well known in our pro- 
fession as they ought to he, viz. • (1) that the Tombstone, Silver 
King, and some other tahoo properties are not the mere sur- 
face-deposits they have been reputed to be ; and (2) that the 
ore-bodies, or veins, of Arizona usually persist in depth and are 
as well defined by “ walls ” as the greater portion of the so- 
called “true fissure-veins” of Colorado. Much of the un- 
merited bad reputation of the Arizona districts named has been 
due to misunderstanding of their structure, and to stock-specu- 
lation, not based upon actual returns from the mines. More- 
over, the developments made at great depths in certain veins of 


* The conclusions here stated have been reached onlv after nine years of de- 
tailed study of the mines and veins of the region four years of traveling 
over the Territory as Director of the Arizona School of Mines, on various trips 
aggregating many thousand miles, chiefly in regularly-planned field work, well 
equipped for the purpose, and collecting largely from every mining county , and 
five other years spent in the same region in the practical management and de- 
velopment of mining properties, and in a varied practice as reporting and con- 
sulting engineer The inter-relations of widely separated groups of veins have 
thus been brought most forcibly to my attention , and some further studies in 
adjacent poitions of Mexico and California have demonstrated clearly to me 
what might not be so apparent without these opportunities Prof John F 
Blandy, formerly Territorial Geologist, has at various times given me much de- 
tailed information, hut is not in any way responsible for my conclusions 
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the region fully justify the work done by Western engineers in 
direct contravention of the opinions of those who have not 
clearly understood the geologic history of the region. Perhaps 
no other region requires so much consideration of geognostic 
conditions in reaching a just conclusion as to the merits of in- 
dividual properties * 

A much respected member of this Institute, resident of an 
Eastern city remote from the mining regions, many years ago 
condemned the whole district around Prescott on account of 
the surface indications ; and probably few engineers, without 
the knowledge of local geology possessed by some actual work- 
ers in this field, would have advised investment in any one 
of the largest producing mines, such as the Congress, Hen- 
rietta, McCahe, Little Jessie, King of Arizona, La Fortuna, 
Copper Queen, Hinted Verde and others, from such evidence 
as they would have been able to gather in their early history. 
It IS well known that nearly all who did examine these prop- 
erties pronounced them worthless until their great value was 
proved by diligent exploration and exploitation. Hndoubt- 
edly the examiners were doing right to err upon the safe side ; 
but the time has now come for the acquirement of more accu- 
rate knowledge. 

A third fact of moment, which has but recently been appre- 
ciated, is the prevalence of gold in Arizona. There is a large 
class of gold-veins in the Territory, which was not even recog- 
nized until within the last few years. The writer announced 
this as early as 1892, giving abundant circumstantial evidence, 
and since that date numerous illustrations of importance have 
come to light, f 


* The Sliver King produced some of its best ore at tlie 700-ft level , and it 
IS very probable that future exploration, based upon investigations such as are 
here outlined, will bring to light deposits of great value m duections not here- 
tofore deemed encouraging. At any rate, the mine has not been opened exten- 
sively enough to disprove this contention, and the latest reports from this prop- 
erty are in accord with it The history of the Tough Nut, at Tombstone, and 
of other mines in the vicinity, fully bears out my mam assertion ; and the same 
is true of many other abandoned mines in Arizona. 

t See my articles m the N. Y. JEng omd Mm Jour. Those who care to follow 
up the statement will discover that all these developments have occurred in areas 
laid down by the writer of this paper, as early as 1893, as the auriferous ore-helts 
of the Territory. 
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Many valuable papers on Arizona ore-deposits have been 
published, mostly of local significance and based upon studies 
which only incidentally refer to areal geology Witness . Ar- 
thur F Wendt, Trans, xv., 25, W P Blake, Trans., xvil, 
479, James Douglas, Trans , xix., 688 , Tra?is., xxix., 511; S 
F. Emmons, Trans., Washington Meeting, February, 1900, 
pamphlet edition, pages 14-17* ; and articles in the Engineering 
and Mining Journal, and elsewhere, by Trippel, Blake, Rickard, 
Penrose, Blandy and others But the object of this paper is 
to help to clear the field for the minute study of local problems 
by securing proper recognition of the “geological relation- 
ships,” the importance of which has recently been pointed out 
by Mr Charles R. Keyes, in a paper read at the Washington 
Meeting of the Institute, February, 1900 f Ko one appreciates 
more keenly than myself the influence of conditions not strictly 
geologic upon the formation and enrichment of ore-deposits ; 
but the literature of the subject is deficient in fundamental 
studies. We know far more of individual results than of the 
life-history of vein-systems However instrumental in vein- 
formation may have been the local environment and the opera- 
tion of secondary agencies, a condition precedent to complete 
understanding of their effects is a knowledge of the regional 
geology. 

The map on p. 1058 was compiled first firom the best pub- 
lished hydrographic charts , then the county-seats, boundaries, 
railroads, and other details (including peaks, craters, etc ) were 
correctly located, without regard to any supposed relations ; and 
the broken hues indicating axes of disturbance and vein-sys- 
tems were drawn. The map did not grow out of any theory. 
On the contrary, the theory was strikingly suggested by the 
map. 

It shows main features rather than details. Where vein- 
courses cross on the map, there is reason to seek the corres- 
ponding field-phenomena, though they be not apparent at first 
glance, by careful surface-examination, or sometimes, in indi- 
vidual mines, by study of the deeper workings, which may re- 
veal what the surface does not Of course, no mere surface- 


* Present volume, pages 190-194. 

t “Origin and Classification of Ore-Deposits,” Trans , xxx., 355 
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map could justly represGnt the actual structure. The purpose 
of this one is to give such general information as would be most 
practically useful ; and while primarily illustrating this paper, 
it may serve as a preliminary guide for future workers 


I. Outline op Structural G-boiogy and Mineral Belts. 

The sub-structure of Arizona may best be defined as a series of 
metamorpMc strata extending downward to some early terranes, 
below the Silurian, not as yet fully determined.'^ Generaliza- 
tioiis from our present knowledge must necessarily he some- 
what loose , but the broad statement may he made that a 
traveler from the SW part of the Territory, in a general E 
or OT. course, to near the HE. boundary, might, without vary- 
ing much from a direct line, pass up through the geologic 
series from the oldest to recent terranes. Speaking in most 
general terms, he would find some evidence of disturbance of 
a four-fold character until he had passed beyond the region of 
the Carboniferous exposures ; but, before that, he would be im- 
pressed with the fact that the Carboniferous and pre-Car- 
boniferous terranes had been mainly, or primarily, folded in a 
characteristic manner before the deposition of the later strata. f 

Much work must be done before it will be wise to be very 
explicit concerning the actual epochal history of the region , but 
observations have not yet led the writer to infer that our tract is 
exceptional, except in degree. On the contrary, the orography 
can be very closely correlated with that of regions northward 
and southward, and the local peculiarities, aside from the result 
of secondary action, are usually traceable to inferior potential 
or greater resistance rather than to differences in kind or direc- 
tion of the dynamic agents. The loci of the successive oro- 
graphic throes are no less distinctive in their mineralization. 
The veins can all be conveniently grouped in four classes, as 
here outlined. 


* This subject is treated more in detail in a later part of this paper, 
t In the 2d Ann. Keport, of the IJ S. Geol Survej, 1880-81, Major J. W. 
Powell, Director, it is stated (page xy.) that, m the Grand Cafion region, no 
dynamic break occurs between the Carboniferous and Cretaceous. This does not 
comport with my own obserrations (as I interpret them) in the region fartlier 
south. 
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1 The Auriferous Belts of the Primary Uplift. 

"Wiierever the earlier, and now metamorphosed, strata (gran- 
itic-schistose series) constitute the surface formation, and wher- 
ever this has not been too much affected by subsequent up- 
heavals, a series of folds trending nearly east-west may be 
discerned. This structure will here be described as the Pri- 
mary Uplift, including the characteristically auriferous vein- 
series of Arizona I do not feel sure that these veins are post- 
Carboniferous, but the uplift, which may have begun prior to 
the Silurian, was continued through the Carboniferous 

2 The Silver-Lead Belts of the Mesozoic Disturbance 

In the post-Carboniferous strata the E -W folds are not ap- 
parent ; but a series of UW -SE. faults of considerable magni- 
tude has induced a remarkable topography, which has had 
most to do with Arizona’s human, as well as geologic, history, 
and which, by reason of its dominant character, will coerce the 
mining development also within hard and fast lines. In the 
vein-courses of this type the greatest development of silver- 
lead ores has occurred. 

3. The Mixed-Ore Belts of the Cenozoic Uplift 

A third and later epoch of disturbance was somewhat less 
momentous, geologically speaking, although accompanied by 
igneous outflows of much importance. But this earth-move- 
ment was the most significant, in one sense, to the miner, be- 
cause of its effect in confusing and complicating the earlier 
structure and in commingling the vein-ingredients. The strata 
involved have been tilted at high angles in a hTE.-SW. strike. 
The distinctive feature of the ores is the presence of gold in 
excess, in minerals usually deficient in this metal. The most 
important copj)er belts are also in this trend. 

4. The Mich Post-Teriiary (?) Silver Belts and the Grater-Cones. 

The fissure-trends traceable to this late epoch are radially 
disposed -with reference to crater-cones, of which the San Eran- 
cisGO mountain-group, near Flagstaff, is a noticeable example. 
The veins of this series present more problems locally than any 
of the others, but they are not less important economically, al- 
voL "yyY — 64 
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though they have always aiForded more and greater stumhling- 
hlocks to the reporting mining engineer. The mineral pro- 
ducts are high-grade silver-ores as a rule. These four groups 
will receive more detailed consideration in the following 
section. 

n. Details of Geounosy and Vein-Structure. 

1. The Primary Uplift 

The effects which may be traced to the uplift including the 
Carboniferous strata indicate that a coast-line then existed 
south of the present boundaries of Arizona, for the crumpling 
of the involved members into very numerous minor folds was a 
dominant characteristic Yet this phenomenon is not by any 
means local in distribution. I have observed it over a very 
wide area, from the Humboldt river in western Nevada, as 
far south as the line between Chihuahua and Durango, in 
Mexico, and have reason to believe that the same feature is 
prevalent farther north and south. The effects betoken heavy 
pressure from the north or stubborn resistance from the south, 
or a combination of both. It is very difficult now to say how 
far the folding was carried in given instances, or how much the 
strata may have been shattered by this particular movement 
The later dynamic manifestations have rarely left the structure 
in the best condition for estimating the relative quantitative re- 
sults of each individual uplift. But judged from structural 
evidences, there seems to have been more vigorous action north- 
ward, and the differences observed in the mineral contents of 
the veins in Northern Arizona and Nevada and in Mexico 
thoroughly support this view. 

The locus of each of the later disturbances, so far as these 
have affected the vein-formation, is not identical in geographic 
distribution. Therefore one may readily err in attempting to 
gauge the results of the earliest displacement in any field where 
one or other of the later movements has been pronounced. 
From a purely geologic standpoint, an error in such calculations 
would be less important than in local investigations by the 
mining engineer. But our mine-developments are mostly too 
superficial to give adequate answer to the question in detail. 
The age of this uplift may be pre-Silurian, although the general 
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trend of subsequent movements to the close of the Carbonifer- 
ous period has been in much the same direction. 

(a) Main Features of the E.-W. Auriferous Vem-Senes . — ^West 
of what IS locally known as the “ Rim ” — ^the great bluff 
marking the line of the major fault of the Mesozoic series 
previously mentioned— the evidences of earlier folding along 
latitudinal axes are usually well marked, wherever the latest 
volcanic outflows have not obscured the underlying struc- 
ture It might be difflcult to speak thus definitely from sur- 
face-observations of the region farther east, where denudation 
has been much less effective, but the developments of the 
Tombstone mines have shown that the primary foldings, with 
probably some complications due to later uplifts, are well rep- 
resented below the surface I have been able to trace this 
structure through the Huachuca Mts , eastward into the mines 
of Tombstone and Bisbee, and less frequent outcrops in 
northeastern Arizona exhibit similar features in smaller de- 
gree, f Turther confirmatory evidences I have gathered from 
the region of the Swisshelm, Chiricahua and Galiuro ranges, 
and in the Superstition Mts., Pinal Mts., and other districts 
northward, all lying east of the “ Rim.’’ 

This structure in the limestone is beautifully exhibited in the 
Huachuca Mts,, and in the Mule Mts. in the neighborhood of 
Bisbee, where the folds are bold and less disturbed by later up- 
heavals. In the Santa Rita and Santa Catalina ranges and the 
Sierritas, Coyote and Comobabi ranges and in the Whetstone 
Mts , the same ancient folding is readily traceable ; and it is 
apparent, wherever the earlier terranes can be detected, in the 
canons of the Gila river and its principal tributaries, and in the 
region northward, in and about the Black Canon, and north- 

My more recent studies in Nevada have resulted in the discovery of intei- 
mediate orographic axes in parts of the complex, which otherwise corresponds to 
the Arizona system very closely I believe that Professor Wm P Blake has 
done some work in this field which may add materially to oui understanding of 
this question 

f Without making the same application of the facts, as far as I am aware, 
Prof W P Blake is entitled to the credit of first discovering this feature, in 
his work connected with the litigation of the early Tombstone companies Mr 
W F Staunton, more recently the Manager of the Tombstone Mining and 
Milling Go , verified this discovery by his developments Through his courtesy 
I enjoyed an opportunity to correlate this local structure with my observations 
elsewhere 
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westward tlirougli tlie Cerbat range and beyond the Grand 
Canon of the Colorado. ’With more or less modification, chiefly 
due to later history, the same record constantly meets the ob- 
server traversing the Territory northeastward. The gold-veins 
far excellence of western and southwestern Arizona are all ex- 
emplifications of this early type of fissures. The Homestake 
group and other veins in the Baboquivari Mts., in Pima co., 
well illustrate the class. Excellent examples in Yuma eo. are 
the King of Arizona, La Fortuna, Mammoth (of Harqua Hala 
district), and numerous others, which are successfully worked. 
Other illustrations occur all over the valley of the Colorado 
river in Arizona, California, Nevada and Utah. The Mammoth 
mine and its neighbors, in Pinal co., and hundreds of others, 
including the Congress, in Yavapai eo., the Gold Basin mines, 
in Mohave co., and prominent veins in Pima co , are cases in 
point. Certain features of some of these veins, due to sub- 
sequent history, may make them depart more or less from the 
normal type. 

This striking structural feature is a fundamental element in 
the mining geology not only of Arizona, but also of consider- 
able areas in Nevada and Mexico. It is the lack of this knowl- 
edge which has heretofore caused many errors in estimating 
the probabilities of development of the mines of this region. 
There is scarcely a prosperous gold-mine in Arizona which was 
not originally condemned by reputable engineers, on account of 
the very conditions which have since been found to be most 
encouraging for development.^ 

By carefully prolonging through this district the ascertained 
courses of the latitudinal gold-belts of the early series, the loci 
of the claims rich in gold will be determined. This principle, 
worked out in 1892 and later by the winter, was applied in 1895 
in the selection of the Elkhart mines, and it may not he out of 
place to add that we are now mining ores carrying |16 per ton 
and over, m gold, over the axis of an E.-W. sub-fold ; while 
our neighbors, not thus placed, are getting, at the equivalent 
level, ore carrying but |4 per ton. It must be added, however, 

~ Witness the United Verde, Congress, Crown King, Pearce, and a host of 
others, which are prosperous to-day. The McCabe, Little Jessie, Henrietta, 
Maminoth, Gladiator, and many more, may also be cited as eijually striking in- 
stances. 
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that final comparisons of mines cannot be made on this gronnd 
alone. The veins of this (the Chloride) district are mostly of 
later origin than the auriferous epoch, and most of them have 
heretofore been worked for other than gold-ores. We have 
yet to consider in this paper their peculiar and independent 
characteristics.^ 

(b.) Vein-Distnbution and Vein-Structure of the E.- W. Aurifer- 
ous Senes . — A marked feature of the vein-distribution of this 
series is its parallelism with the geognosy , that is to say, the 
veins not only follow in strike the trend of the folds, but also 
dip, at least in a general way, with the dip of the “ country,” 
repeating more or less closely variations in the latter. But I 
have not yet been able to detect evidences of such close rela- 
tionship as would seriously militate against the intrusive char- 
acter of the vein-fillings. In HW. Arizona, where the enclosing 
schists are nearly vertical, the gold-veins dip at high angles ; 
whereas, in the southern counties, where folds in the strata are 
more moderate, the veins frequently dip at low angles. 

But this statement cannot be practically applied, without 
reference to other considerations. There is, perhaps, no district 
in the region where the results of later disturbances are entirely 
lacking. t The free gold recently encountered in the Crowned 
King mine in Yavapai county, southwest of Prescott, beneath 
a superficial capping of sulphuret-ores extending from the sur- 
face to the 700-ft level, has generally been regarded as an 
anomaly. But to one versed in Arizona geology this discovery 
is really less unexpected than would have been the continuance 
of the superimposed conditions to indefinite depths. Other 
mines, such as the Gladiator, in the same district, are repeating 
the same evidence of the persistence of the latitudinal gold 
belts, at varying depths below the surface, m the regions 
aftected by later orographic movements.! 


* Since the presentation of this paper, many striking examples of this structural 
feature have been observed in detailed studies by the writer m different parts of 
Nevada 

t The gold veins of this series have never been observed (by myself) in any 
strata except the more ancient of the exposed senes (beneath the Permian), and 
I am much inclined now to behevethat none of them extend into strata later than 
the Lower Siluiian. 

X Prom 600 to 800 ft is about the depth roughly estimated by the writer 
in 1892 as the probable horizon of the sub-folds in that district The calculation 
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This feature is specially noticeable in a tract adjacent to 
Chloride and Mineral Park, in Mohave co., where these indica- 
tions are at times only superficial, but have a more evident 
meaning in the deeper workings of some of the mines. In a 
parallefvein struck on the 200-ft. level, of the Elkhart mine, 
we have ore yielding $20 per ton in gold, and on the same 
level now prolonged northward to a point calculated to yield 
further evidences of the persisteace of the auriferous belt, we 
are working a cross-vein of this type, carrying ore jilentifnlly 
sprinkled with yellow pyrites, running well in gold. The 
gangue is entirely different from that of our mam vein. We 
also have this new vein in our 300-ft. level. The Tennessee 
mine was worked for some years without revealing one of 
these buried cross-belts, which has finally been encountered in 
new workings. The gold-value of the mine-product has re- 
cently increased from $4 to |10 per ton Other proof comes 
tardily from the Argyle claim pf the Elkhart group But 
these are only a few of the instances which might he cited. " 

The gold-veins which appear to be most nearly in their 
original position in the trend of this early uplift difter much 
ffom those more recently filled If not actually of igneous 
origin, they certainly exhibit features difficult to explain upon 
other hypotheses The gold is usually free, in grains or 
nuggets, the latter sometimes of such great size and of such 
shape and surface-aspect as to resemble closely the metal con- 
gealed from a molten mass. These and the finer grams are not 
evenly distributed, and the associated minerals are liable to he 
found in bunches or patches unevenly distributed, perhaps pre- 
cipitated in crevices in the mass from more recent aqueous so- 
lutions. The white quartz gangue is, for the most part, 
amorphous ; and the veins are frequently iiiterstratified, like 
intrusions in the slates and schists Still further, there are 
striking instances of by'eedated fusion and ooohng-lammationy or 


■was merely a geologist’s solution of an every-day problem presented by Nature, 
and it did not receive practical application until 1895, when I assumed charge of 
the development of certain properties selected by myself \nthm this Tract, with 
such kno-wledge of conditions affecting the vein-formation as could be gamed by 
close study of the local geology The woik ■which lias been done there since has 
gone far toivards demonstrating the truth of the propositions heie announced. 

^ Similar zonal distribution of gold is apparent in recent developments on the 
Mineral Hill property in Yavapai county, now being worked by a Glasgo'vr syndi- 
cate under the writer’s management. 
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what very closely resemble such efiects.* The Senator and 
President mines, in northern Mohave co., afford marked illus- 
trations of these structural features, and the development of 
these deposits and of their extensions to the eastward, in Grold 
Basin, have given much color to the theory of igneous intru- 
sion which 18 here tentatively announced. There are very 
similar features in the Mammoth district in Pinal co., and at 
the King of Arizona and La Portuna mines, in Yuma co. I 
have observed the same structure in the Congress and neigh- 
boring mines, and in other localities iii southern Yavapai co., 
and in a number of the mines in Pima co., and in veins of like 
environment in Fevada and Mexico The Star Mines, near 
Cherry Creek, White Pine county, Nevada, exhibit both of 
these peculiarities in one prominent vein-system. 

The Blue Dick mine, the Bosons, some of the prominent 
veins in Crook canon, and others on Groom creek and Lynx 
creek, all give further evidence of deep-seated conditions 
similar to those heretofore described, although the superficial 
structure is very different. 

In the 400-ft. level of the Elkhart, we have encountered 
recently dikes of feldspar (white orthoclase) in close relations 
to this vein-series. 

(c) Vein- Contents , — There is an important distinction be- 
tween the effects of this primary uplift and those of later dis- 
turbances. We are unable yet to decide whether the vein-fill- 
iugs were congenital with the uplift, or were secondary segre- 
gations from veins previously existing in the older metamor- 
phics. There are evidences of igneous origin in the form of 
some of the quartz bodies and in the nuggets and grains of 
gold contained in the matrix; but the matter has not yet 
received the attention it deserves, and evidences of aqueous 
action are not wanting f It can only be asserted now, rather 
vaguely, that it is not certain how much infiuence the later dis- 


^ ‘ ‘ Brecciated fusion ’ ’ is here used to indicate a peculiar conglomeiated textuie 
•wliich IS evident more to the eye (by coloi) than to the hammer, the supposed 
fragments being thoroughly blended, as if by welding under the influence of great 
heat. By “ cooling-lamination ” is meant such a slabby structure as would be 
induced by the cooling of a molten mass under lateral pressuie 

t For inteiesting facts bearing upon this question, see a paper by Prof. W P 
Blake, in Turns , xxvi , p 290 (Local references are made on pp. 294 and 296 ) 
Prof Blake has personally disclaimed any intention of putting such an interpreta- 
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turbances may have had in modifying such cases as point most 
strongly to the idea of aqueous origin. The fact remains that 
the east— west ante-Oretaceous terranes are traversed by veins 
which are distinctively auriferous and usually highly charged 
with the precious metal. 

In Mexico, near the adjoining corners of the States of Du- 
rango, Chihuahua and Sinaloa, grains of native silver occur 
with the gold, and the presence of native gold, silver and cop- 
per in other districts in Arizona is usually accompanied with 
some hint of proximity to the same geologic feature. A 
marked example is the famous nugget field of Rich Hill and 
similar outcrops in the same belt, in the southern part of 
Yavapai co. The source of the rich placer-gold of the Greater- 
ville district, in Pima co., is probably the same.* 

In the Elkhart workings we are approaching the 500-ft. level, 
but have not extracted ore to any extent below the 300-ffc. level. 
The zone of surface-oxidation may be taken as extending to an 
average depth of 80 ft., which is, roughly speaking, about 70 ft. 
less than in the district around Prescott. In the latter area, the 
enrichment of the oxidized zone, or a portion of it, at the expense 
of the vein near permanent water-line, is a marked feature ; 
but this IS not as noticeable in the Mohave county mines, where 
the most pronounced feature of interest to the miner is the dis- 
tribution of the gold in the sulphuret-ores. 

Mr. Otto Kuencer, an engineer of many years’ experience in 
Mohave co ,who is very familiar with the mining developments, 
recently remarked to the writer that, “ when the veins arc 
worked to considerable depths, the iron sulphurets usually be- 
come dominant. If, then, one meets bodies of grey iron pyrites 
chiefly, there is little encouragement to proceed ; but if the 
yellow pyrites become abundant, you have indications of a gold 
mine.” Mr. Kuencer thus tersely expresses a fact which he 
does not attempt to explain, but which simply emphasizes the 
persistence of the cross-belts of the east-west gold-bearing 
series of folds and veins. 

Certain properties along the length of the Oerbat range, 
Mohave co., in the course of the northwest trend, are highly 
auriferous; others are nearly barren of gold. Wherever the 
enrichment occurs, there are indications of the presence of 

* Equivalent facts have come to my notice m Lander, Humboldt and White 
Pine counties, Nevada, since the preparation of this paper. 
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cross-veins of the earlier period, at greater or less depth 
below the surface ; per contra, the impoverishment occurs 
always in places where the cross-veins are lacking. As 
nearly as can be safely affirmed from present knowledge, one 
vein-course passes between the Empire and Yictoria claims, 
another runs across country about 2000 ft., or more, farther 
south, following nearly the course of the Argyle claim ; the 
next one appears about 1200 ft farther south, in the Elkhart 
workings ; one crosses the Tennessee ground, some 2000 ft. 
beyond, and others are manifest at similar, but varying, inter- 
vals southward, for many miles. A very strong belt passes 
through the Todd Basin, and many more are known and 
worked for gold all along the region farther south, in the Cer- 
bat and "Wallapai ranges. These crop out clearly in the 
course of the Colorado river farther west, and many others are 
traceable northward. 

Yanadinite, wulfenite (lead molybdate), and, possibly, pyro- 
lusite, occur in situations apparently indicating close relations 
to latitudinal gold-belts, but my observations lead me to regard 
them as the products of a later j)eriod ; for their geographic 
distribution can be as well understood upon this supposition, 
and noted examples occur at the intersections of two lines ot 
orographic movement. We shall have occasion further to dis- 
cuss them in another part of this paper. 

The most distinctive feature of this group of veins is the ab- 
sence of sulphide-ores Some engineers in their reports have 
assumed that molybdenum has here played the usual part of 
sulphur ; but this view is wholly untenable, because the occur- 
rence of compounds of that metal is exceptional, as explained 
in the preceding paragraph. It is not characteristic of this 
series. The free gold extends to an unknown depth and rarely 
yields evidence of the oxidation of pyrite, but rather suggests 
igneous origin, as before explained The occurrence of silver 
under like conditions, when present, militates also in favor of 
this view. The presence of sulphides in the veins of the Con- 
gress belt is, I am confident, to be explained by subsequent in- 
filtration ; but the details are not yet worked out fully * 


The latest developments m theCongiess mine affoid remarkable confirmation 
of the views herein expressed, but they came too late for incoiporation in the body 
of the papei 
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(d.) Boundaries of the Denuded Auriferous Field.-^On the ac- 
eonipanying map the area of the uncovered portion of the primal 
series of veins is fairly indicated. The effects of the later 
disturhanees are by no means meager over the same tract ; and 
one must not expect to find the early structure always apparent 
at a glance. Both faulting and igneous outflows have often 
caused complications of moment, and the excessive erosion of 
the greater part of the region has been inoperative in restricted 
districts. Besides these exceptions, a very large amount of 
detrital deposition has necessarily resulted from the extensive 
denudation of ages But the boundaries placed upon the map 
will practically include the free-gold vein-exposures of the Ter- 
ritory of Arizona, excepting a very few outcrops within areas 
of typically distinct environment. Thus, there is a limited 
district within the G-rand Canon of the Colorado, and prob- 
ably there are some others at points where local denudation 
has exposed pre-Pernnan strata within the borders of regions 
chiefly covered by later terranes In practical studies, these 
anomalies need not cause trouble to one who keeps well in 
mind the general principles here enunciated 

The map shows also to some extent the marked tendency of 
the principal streams of this area to follow courses approxi- 
mately latitudinal. This may be exhibited iii a more startling 
manner upon a chart of sufficient dimensions to depict clearly 
the minor features of the topography. The Gila river, Salt 
river, Santa Cruz valley, Bill Williams Pork, branches of tho 
San Pedro, the Bahacomari and numerous smaller creeks, show 
well this coercion of the physiography of the district by its 
geognosy. And yet further, it may be demonstrated that the 
east-west streams of wide adjoining areas in Hevada, Utah, 
California and Mexico are similarly induced. Tho same fea- 
tures are also indicated by several prominent bends of the Col- 
orado river along the line between Arizona and California, and 
by the determined guidance westward of the same river course 
in the districts outside of the distinctively auriferous tract. 

There is a later structural line of the crater type which closely 
follows the auriferous trend. This is more evident northward, 
particularly in Hevada, but the two need not be confounded, if 
it he remembered that the later vein-course is rarely gold-hear- 
ing. An interesting occurrence of the two sets in one mine, 




Map of Arizona, showing Stinctuial Lmes, Belated to Oie-Deposits 


IfOTB —Since this map was engraved, the Santa Fe Pacific Eailway (the E -W line 
through Flagstaff) has been formally incorpoiated into the Atchison, T and S F system. 
The N.-S connecting line (through Prescott) still retains its separate name, as the Santa 
Fe, Prescott and Phcenix Kailway For further explanation of the map, see p 1041 
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only 80 ft. apart, liad been observed by tbe writer m south- 
eastern hTevada. 


2. The Mesozoic Disturbance. 

{a ) G-eognosy and To^pography —There may be some doubt 
whether the orographic effects now to be described have all 
been produced since the Cretaceous period The question can- 
not be a serious one for the mining geologist, except, possibly, 
in restricted areas where this problem will become almost as 
local as the study of an individual mine. Over nearly all the 
country west of the great “ Eim,” in Arizona, there are few 
traces of terranes more recent than the Carboniferous, except 
the volcanic outflows and lacustrine deposits of later date than 
the Cretaceous. Evidences of vast erosion and extensive cor- 
rasion are very abundant, but I am aware of only a few expo- 
sures over this area which could even afford proof that the 
great faults had involved any strata later than the Carbonifer- 
ous Between Prescott and Ash Fork, on the Santa Fe, Pres- 
cott and Phoenix R. R., there is a striking example of the rising 
of the Carboniferous limestone above the level of the Jura- 
Tnas across a minor fault; but, so far as my observations go, 
this was very near the western shore-line of the Jura-Trias. 
And the great “Rim fault,” now rudely marked out by the 
Verde and San Pedro rivers, is at the same time a geographic 
diagonal of Arizona and its geologic hinge, or mid-rib ; in short, 
its axis of evolution and revolution through all periods of its 
history, since these dislocations at the close of the Mesozoic 
Era, or earlier. 

As already hinted, the orographic axes of this post-Carbomf- 
erous disturbance are well defined, long lines of faulting cutting 
across the latitudinal gold-belts at an angle of about 45 degrees 
in azimuth, with approximately vertical dip in the mid-fault of the 
series. The downthrow was apparently upon the eastern side of 
the great main fault, and the escarpment upon this edge still re- 
mains, practically, as a huge bluff, extending in almost an un- 
broken line, at least from Vestern Central Revada, through 
Arizona, into and across Mexico, as far south as the northern por- 
tion of the State of Purango. I have reason to believe that this 
great fault extends far beyond, in Durango, but have never had 
the opportunity of tracing it beyond a point in the Sierra Madre, 
near Piedras Largas (Durango). East of this “ Rim ” (as it is 
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locally known along tke Verde valley in Arizona, and miglit 
appropriately be designated tkroughoiit its length) denudation 
has been checked by the nearly horizontal position of the strata, 
but local ‘‘ rims ” have been produced along the eastern edges 
of several parallel faults, at varying distances eastward. Along 
these lines, as well as in the line of the major fault, erosion and 
corrasion have been active, owing to the crushing of the strata 
upon the upthrow (western) side, and, in some instances, to the 
exposure of the Carboniferous limestones at the surface. West 
of the mid-fault, denudation has been, for the most part, exces- 
sive; but there are other parallel fault-lines in this area, which 
have somewhat checked the erosion locally. There is also 
good ground, as hereinbefore stated, for the opinion that but 
little marine deposition took place subsequent to the Carbon- 
iferous period in most of the region west of the great fault ex- 
cept in the lower reaches of the Colorado river valley. 

W 6 do not now know enough of the structure underlying the 
country east of the “ E.im ” to be able to compare the outlying 
faults on that side with those upon the west. But the expo- 
sures along the western fault-lines seem to indicate greater ten- 
sion from beneath or less resistance in the superincumbent 
strata , for the rocks are tilted nearly vertical and are often 
greatly hardened and compacted locally. This evidence is very 
well exhibited in the southern end of the Sierritas (a range of 
hills southwest of Tucson), and in the Coyote and Comohahi 
ranges, lying along fault-lines northwestward Tarther west 
the fault-lines (in Arizona) are not so readily traceable, by 
reason of the schistose and granitic character of the strata, 
but there are some excellent manifestations of the same struc- 
ture in portions of Yuma co , notably in the Ajo, Eagle Tail 
and Plomas ranges (in one line) ; the Lomas Negras, S. H. and 
Dome Rock ranges (m one line), the Cabezas Piietas and 
Castle Dome ranges (in one line), and the G-ila and Choco- 
late ranges (in one line), and in other small ranges, where 
many of the fault-fissures have been the channels of local igne- 
ous ejections. 

Even the mighty graver, the Colorado river, — the course of 
which is now and again forced into successive fault-lines, hut 
which has finally cut its way so deeply, m its lower reaches, as 
to go on apparently ungmded by the faults more distant from 
the “ rim-fault,” — ^has found these fractures most potent factors, 
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on the average, in shaping its course throagh Arizona and 
along its western borders. 

On any reliable map of Arizona sntfieiently large to exhibit 
clearly the mam bends of the Colorado rivei", place a straight- 
edge along any line indicating a northwest or southeast course 
of the Colorado river, and you will thus trace the route of one 
or other of the faults, by prolonging the course southeastward 
across the Territory, and beyond, in Mexico. A similar exten- 
sion northwestward will define the equivalent structure in por- 
tions of Utah and mvada; but I am unable to give very much 
of this last from actual observation. Probably some geological 
difference in that direction will abundantly explain the failure 
of the river to make its way persistently northward after the 
first turn into one of these fault-lines ; indeed, the encoiuiter- 
ing of granitic rocks at the great southward bend may be 
amply suiBcieut to account for tins new course. These features 
are illustrated upon the accompanying map 

(b.) Veins of the Lead-Silver Series . — The significance of this 
epochal structure to the miner is the occurrence of veins of 
an entirely difi:erent order from those of the E.-W. aurifer- 
ous series. There can be no doubt of their later formation. 
The veins of the NW. trend occupy the fault-fissures, and are 
unquestionably of aqueous origin. The silver-lead ores and 
the zinc ores of the Territory lie mainly in this series of fis- 
sures. There may he some modified deposits of this character 
with a different environment at the surface, hut these will he 
found in a limited portion of the area affected by a third and later 
disturbance, to which attention will he given in this paper far- 
ther on.t 

"We do not yet know much about the source of those ores, 
which are invariably sulphides below the water-level. There 
is known to be a very considerable thiclmess of pre-Oarbomf- 
erons strata beneath a portion of the country west of the 
“Eim.” In a churn-drill boring made at Gila Bend, a few 

* Since the reading of this paper, opportunity has oecuired of studying the 
geology of much of that region also, and the results are such as to confirm and 
strengthen the view here announced. 

t Ky most recent investigations in northern central Arizona (the Prescott re- 
gion) emphasize the importance of this qualifying clause, but it possesses rela- 
tively greatest moment to the most superficial observer. Persons interested 
should give close attention to the discussion of the subject under the heading 
“3 The Cenozoic Distuihance ” 
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years ago, for the Southern Pacific PR. Co., slight indications 
of oil and carbonaceous shales were met at a depth of several 
hundred feet. Suggestions of similar character are reported 
from the Colorado River valley, near Yuma; oil-sands have 
been brought to light in the southwest corner of Mohave co. ; 
and the Grand Canon section aftbrds further illustrations. But 
there may also be some Tertiary relics to account for the bitu- 
minous material thus discovered. 

The silver chloride ores, which are abundant at the surface in 
the path of the faults, may have been more or less due to the 
existence of salt beds which are not uncommon m favorably 
eroded tracts, particularly m Utah and California The lead- 
and zinc-bearing minerals may, perhaps, have been derived 
from Silurian strata The copper-ores of this system may have 
come, likewise, from sedimentary rocks of post-Carboniferous 
date, as the terraiies most liable to be cupriferous have at one 
time formed, in part, the walls of the fissures I should say, too, 
that the distribution and mode of occurrence of the copper-ores 
tend to confirm this hypothesis, which is further supported, 
mayhap, by the somewhat sparse mixture of the precious metals 
with these ores, save in exceptional cases. The reverse is the 
case, however, with silver in the galenas and blendes of the 
region. 

It is more probable that the vem-fillings were due, not so 
much to the existence of the faults as to conditions subsequent, 
which have materially affected the area occupied by these belts 
of smelting-ores. Over a large portion of the area in question 
the detrital deposits are very thick. There are, however, some 
interesting exposures laid bare by more recent erosion, and we 
may hope to solve many of these problems, once we can gather 
such facts as await the observer.* Two features are prevalent 


* I recently ran across an interesting item in a remarkaWe canon near tlie SE 
end of the S H Mountains, in Yuma co The ancient post-Carhoniferous fault is 
largely obscured by detritus, but a fair ¥em of coppei-ore defines its course, 
which is also paralleled by an igneous dike traversing granitic rocks The main 
fault-fissure, farther NE , appears to have been the source of restricted lava-flows, 
now forming one side of the local valley, itself cut through lacustrine deposits, 
remnants of which foim terraces along the canon-walls The hot springs of Agua 
Caliente lie only a few miles to the southeast, and the Southern Pacific EE Co 
gets a good supply of watei from a well at Sentinel station, still farther along the 
same apparent fault-line 



1058 THE GEOLOGY AND VEIN-PHENOMENA OP ARIZONA. 


in all the lead- and eopper-mining districts which have yet at- 
tracted marked attention economically, namely, the volcanic 
rocks and the limestones The former are not as prominent in 
Arizona as in the region northward ; but it may be doubted if 
they have not had more inhuence in vein-formation. That is 
to say, it may be that the faults, and the dikes filling fissures 
in or near their paths, have together produced mineralizing 
effects more directly traceable than has been the case in dis- 
tricts where vulcanism has largely obscured the earlier history. 
But it must not he inferred that limestone is the only country- 
rock of the productive veins. While there is usually a much 
closer relation to the limestones than is commonly understood by 
our mining operators, there are, nevertheless, many excellent 
examples of veins in slates, porphyries and other country-rocks. 

(c.) Differmtiaiion of the Mineral Belts . — Although the copper- 
bearing and lead-hearing ore-belts are not sharply differen- 
tiated, viewed as a whole, yet there are such marked segrega- 
tions of these minerals within the belts as to leave little doubt 
of their formation under diverse conditions. The United 
Yerde mines, at Jerome, Yavapai co. ; the Old Dominion and 
other mines, at Globe, Gila eo ; the Copper Queen, at Bisbee, 
Cochise co , and the copper-deposits of Yacosari, in Sonora, 
all lie in one YW.-SE belt, the main copper-belt of Arizona, 
occupying parallel fault-lines in a tract seventy miles wide im- 
mediately west of, and including, the “ rim-fault.’^ Similarly 
placed in fault-lines of the same belt are the noted silver-lead 
properties of the Chloride district, Mohave co. ; the rich simi- 
lar veins of the Bradshaw mountains, in Yavapai co. ; the once 
famous deposit of the Pioneer district, and the Silver King 
mine, in Gila co , and the mines of the Tombstone district, Co- 
chise eo. As a rule, the silver-lead belt is broader than the in- 
dividual copper-belts. The hrW.-SB. line of this tract, pro- 
longed northwestward, includes extensive similar deposits in 
southern Kevada and bears directly through the Comstock lode 
district. Although there is good reason for correlating this 
last-named region more directly with the Arizona silver-lead 
belt, I prefer to await the result of investigations soon to be 
made before announcing this fact too positively.* Following 

Since writing this, I have given the subject careful attention in the field, and 
am now prepared to assert that the conclusion here stated is strictly in accord 
with the facts. 
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the same course southeastward, the various well-known camps 
along the line of the Sierra Madre mountains, in Mexico, are 
evidently similar in origin, and my field-observations show that 
the structural features are, in efiect, identical with those herein 
described for Arizona. The silver-lead ores of Chihuahua, 
Sierra Mojada, Batopilas, Parral, Santa Barbara, Guadalupe y 
Calvo, Piedras Largas, Guanacevie and other localities in the 
States of Chihuahua and Durango, are cases in point 

Within one and the same district similar variations occur , 
hut the working of one mine for both lead and copper in the 
large way is as yet of rare occurrence, except in one particular 
region. I am disposed to attribute this remarkable specializa- 
tion very largely to simple differences in temperature of the 
percolating solutions, causing deposition of lead and iron com- 
pounds at points where copper still remained in solution. This 
view is borne out, to some extent, by the distribution of the 
copper-ores, which are usually in situations indicating closer 
proximity to the seat of vulcanism Exceptions to this rule are 
almost invariably deposits of secondary origin. The conclusion 
is also strengthened by the occurrence of the least soluble 
silver-minerals in places nearest to the seat of greatest heat at 
the time of volcanic disturbance. 

Mr. Frank 0. Earle, Assistant Manager, and formerly report- 
ing mining engineer of the El Paso (Texas) smelting-works, 
whose knowledge of the mines of Arizona is wide and thor- 
ough, has informed me that some of the deepest worked lead- 
mines have yielded copper in the lower levels. A mere hint 
of the same conditions has been given by our own samples taken 
at Elkhart These facts, I take it, are also in keeping with the 
views here announced. 

There are other facts which do not comport as well with this 
hypothesis, hut even these might be shown to belong to a dif- 
ferent category, upon close examination. In southeastern Ari- 
zona, galena, blende and cbalcopyrite are commingled in ap- 
parent exception to the foregoing rule ; and the same conditions 
are evident farther southeast along the belt, in Sonora. Mr. 
Earle has kindly given me valuable information on this point, 
quoting the San Xavier mine, south of Tucson ; the Pride mine, 
at Washington Camp, near the Mexican houndary-line, and the 
La Dura mine, on the Taqui river, Sonora. Other instances 

VOL. XXX. — 65 
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hare come to my knowledge very recently from a part of the 
same belt in Santa Cruz co., Arizona, north of l^Togales. This 
is a complicated district, and one in which both the copper- 
and lead-ores have marked expression individually, as at Bisbee 
and Tombstone, not widely separated. It would, therefore, not 
be surprising to meet with these double results in many locali- 
ties. There is an enticing field here for detailed study. It is 
possible that the copper-ores are all of later origin, and it is 
certain that the later hlB.-SW. trend is distinctively cupriferous 
in some portions of N evada. 

The foregoing outhne, without further comment, will be 
found much safer as a guide to the engineer in the field than 
might seem probable to a cursory observer But there are some 
important areal characteristics which appear to be, for the most 
part, resultants of diversity in dynamic effects, and particularly 
of differences in thermal intensity, along the several fault-lines. 
We may best discuss these variations after considering the con- 
stituents of the veins of this epoch as a whole * 

(d ) Vein-Contents — Pyrite, a very common constituent of the 
lead-bearmg veins, is apparently less characteristic of the cu- 
priferous deposits of this series. Where gold is abundant enough 
to appear in the lead, zinc and copper-ores, it is almost invariably 
much more prominent in the pyrites, hut the distribution is pecu- 
liar and not similar to its occurrence in the ores of other districts. 
Referring again to the remark of Mr. Otto Knencer,t it may 
be predicated that the massive pyrite is not usually the highly 
auriferous variety in the region of the veins now under review. 
Exceptions to this rule will he found in coarse crystals of cuprif- 
erous pyrite included in masses of galena or in intimate asso- 
ciation with copper-ores. The gold is often largely contained 
in minute specks of yellow pyrites disseminated in quartz, and 
very rarely in white iron pyrites of any form, f Granular 
masses of pyrite crystals are almost invariably barren of gold 

* Mere geographic relations are unsafe critena, especially where the N W and 
N E vein-trends are concerned After additional mining experience, gained 
since writing this paper, I am more inclined to believe that the copper-deposits 
lying in the N W trend are exotic, of coincident origin with the next later vem- 
senes f Quoted on page 1050, above. 

i: In the Elkhart concentrating plant we get practically all the galena out of 
the ore in the crushing before sizing, and the coarse pyrite is largely eliminated 
in the figging , but the jig-taihngs run high m gold These tailings contain 
pyrite chiefly in minute particles, and no free gold 



TEE GEOLOGY AND VEIN-PHENOMENA OE ARIZONA. 1061 


Silver, though not plentiful in the pyrite, occurs sparingly in 
all of it As might be expected, this metal is well distributed 
through the galenas, but it also exists in the form of sulphides 
and occasionally as native silver. There is at least a doubt 
whether these richer deposits are not all the results of later ac- 
tion ; certainly many of them do not belong to the products of 
the epoch we are now considering. 

Ghalcopyrite is also m evidence. It has been stated by some 
experienced operators that this mineral is not indicative of the 
most permanent and profitable deposits of copper, being liable 
to run into pyrite in depth.'*' I believe it may yet be possible 
to put this vague statement into more explicit terms , but it is 
best not to rely implicitly upon it now, for some very exten- 
sive deposits of chalcopyrite are profitably worked in localities 
similarly situated. Probably it is safe to assume that the 
chances of continuance of the copper are, roughly, in inverse 
ratio to the excess of iron above the normal percentage in chal- 
copyrite My latest observations incline me to the opinion that 
this criterion is not a safe guide in practice 

The glance-ores of copper appear to be more reliable pre- 
cursors of valuable deep-lying deposits. The oxides and car- 
bonates 111 the zone of oxidation vary widely in mineral char- 
acter and in association. The “ iron hat,” which some demand 
as evidence of subjacent values, has become to the writer almost 
an indication to the contrary in judging copper-veins in this dis- 
trict.! But it is important to mention a striking instance of 

* Mr C E Mills, formerly m charge of the Boggs smeltei, at Arizona City, 
first gave me this information in December, 1896 My own observations confirm 
it to some extent , but my experimental studies, taken in connection with those 
of Dr A Von Streeruwitz, of Houston, Texas, have led me to infei that the ap- 
plication of the principle must be locally limited The subject is not uninter- 
esting, but too wide of our theme for adequate treatment at this time Suffice 
it now to remark that I gave much attention, while acting as the Director of the 
Aiizona School of Mines, to some experiments on vein-formation which were but 
fairly beginning to bear fruit when they were necessarily abandoned One fact 
gleaned was the stubbornness of copper and lead, and the tractability of iron, gold 
(and silver, in less degree) to reorganizing influences 

t This opinion was, in a measure, due to the outcome of the experiments re- 
ferred to in the preceding foot-note, but my later field observations and some ex- 
peiiments in developing copper properties in Arizona have more strongly empha- 
sized the impression The explanation must be left for a more suitable occasion 
I do not mean that no “gossan” zone exists in which oxidation has occurred, 
but that/ej ria oxide is not usually its substance 
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the occurrence of hematite-ores in juxtaposition with rich cop- 
per carbonates. The illustration cannot be regarded as a con- 
tradiction of the previous postulate, because it is abnormal, or, 
more properly speaking, not a real case in point At the Planet 
group of mines, on Bill Williams Pork, in the iiorthGastern 
corner of Yuma co., large deposits of malachite form a contact- 
deposit between beds of hematite and limestone These and 
neighboring outcrops are unique lu their occurrence, which 
suggests a probable connection with some phenomenon of struc- 
ture as yet unknown. It may be only the existence of iron- 
ore beds locally in the limestones of the region, or it may he 
some unexplained genetic feature of the veins themselves. 
The former view seems most tenable from present knowledge 
The manganese deposits elsewhere noted are similarly placed, 
as far as my informatiou goes. Perhaps it may also he neces- 
sary to refer to some very important instances of copper-de- 
posits capped by iron cement, as at Rosemont, in Pima co. ; 
the Dragoon mountains, in Cochise co , and elsewhere. But 
these are not true illustrations of “iron hat,” which is due to 
simple oxidation. 

Yative copper and native silver occur m veins of this epoch 
but sparingly , and there is usually evidence at hand of the in- 
tervention of agencies effective in a later period, or of second- 
ary alteration or segregation probably not coincident with the 
original vein-formation. The occurrence of native copper in 
considerable quantity at the Ray mine, in Pinal co., is presum- 
ably an example of local transformation of this character , and 
I am inclined to believe that the peculiar exhibition of native 
silver m lower levels of the Old Dominion mine, at Globe, Gila 
CO., is another illustration of more recent results, to be herein- 
after described. Probably, also, the remarkable segregations 
of native gold in a very similar way, in mines on Lynx creek, 
Yavapai co., must be explained in like manner.* 

The rarer minerals, such as vanadinite, wulfenite, descloizite, 
dechenite, hnarite, ecdemite, appear to be due to .conditions for 
which the dynamism of this period is partly responsible. f All 

* See discussion of this sabject, p 1088 

t Mr. T. A Eickard, in his admirable paper on “Vein "Walls,” Tram., xxvi. 
(1896], at p 234, in discussing similar occurrences m the Mammoth mine, remarks 
that “there seems to be no connection between the presence of these later min- 
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the reported occurrences of these minerals are at places where 
the crossing of prominent axes of the E-W. and W.-SE. dis- 
turbances IS evident It may be added that certain difterences 
in the several examples are readily explainable upon no other 
supposition Thus, the vanadinite from the mines in Yuma co., 
at the southern end of the Castle Dome mountains, occurs in 
veins unmistakably allied to the most ancient E.-W. auriferous 
series, which bears important relations to the granitic rocks of 
the region. Likewise, the same mineral appears at intervals 
along a nearly due east course as far as the Mammoth mine, 
Pinal CO., and there, too, the granitic rocks are evident But 
there are many outcrops, identical in these respects, which do 
not yield similar minerals Moreover, the same minerals, as 
shown, occur with suitable modifications elsewhere, under con- 
ditions which are not strongly pronounced in these instances 
here quoted. If careful scrutiny be given it will be ascertained 
that the structural features of both periods of disturbance are 
traceable at the points where these minerals abound. The dif- 
ferences are always due to the relative proportions of the vein- 
ingredients of the two series. I will not attempt now to decide 
what later influences may have affected the segregation of these 
interesting minerals, but it is very probable that local igneous 
action has played an important part, and that stratigraphic fea- 
tures or elements of vein-structure have been more or less in- 
strumental in the process. 

Tellurium-ores are possibly more abundant than we know. 
Such as have been discovered appear now to be properly in- 
cluded with the minerals named in the preceding paragraph, 
as far as their relations to geologic history are concerned The 
Antelope mine, near "Willow Spring, Pinal co., is a good illus- 
tration, and it lies almost directly west of the Mammoth, per- 
haps upon the same axis of the E -W vein-series. In the dis- 
trict north and west of Harrisburgh, in Yuma co., in situations 
very similar to those here indicated, there have been other dis- 
coveries of tellunde-ores which are not exceptional in their 
occurrence. 


erals and tlie foimation of the ore-bearing parts of the lode ” He is certainly 
right in adding . “They are the result of secondary processes but the restricted 
distribution of such secondary results, and the geologic conditions invariably 
accomp’anying them, prove clearly that the generalization first (juoted is too 
sweeping 
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Arsenic and antimony may possibly fall under this head; 
but my observations thus far lead me to infer that they are 
almost wholly the products of a later epoch. 

Bismuth eompounds have been recognized, in places, but the 
distribution is not yet clearly worked out.* 

Large deposits of manganese-ore (black oxide) occur in con- 
nection with tbe rare minerals in four localities, viz. at Tomb- 
stone, Cochise CO ; the Silver Belt and neighboring mines, 
Yavapai co. , the Silver Bell mine, near Eeymert, Pinal co., 
and the White Hills mines, Mohave co Probably other occur- 
rences have been overlooked, or will come to light by furtliei 
development. It is, however, extremely significant that these 
ail he directly in the line of the faulLseries of veins we are 
now describing, and each one of the illustrations is from a 
district of very rich silver-ores. Moreover, evidences of prox- 
imity to strong expressions of the E.-W auriferous vein sys- 
tem are manifest at all these localities 

3. Tlfte Genozoie Disturhcince. 

Much detailed study must be given to the minor problems 
involved before it will be safe to attempt to formulate the typi- 
cal structure of this period. 

There is at least reasonable doubt whether two epochs of dis- 
turbance are not really represented by the complications of 
structure which, in point of time, succeeded those we have 
heretofore described As yet we have gathered too little evi- 
dence to define the geologic history heyond bald outlines , but 
disconnected scraps of information gathered from exposures 
and from mine-workings lead me to group the earth-mo vernents 
tentatively into two presumably distinct epochs, although the 
later one may have been coincident with the Crater-period next 
succeeding. It is only necessary to add here that the efteets of 
the later throe are chiefly horizontal displacements . of strata 
uplifted in the earlier epoch. 

In the period succeeding the post-Carboniferous faulting, the 
region west of the ‘‘Bim” was less affected hy earth-move- 
ments than a certain district indicated upon the map, in which 
the ISTE.-SW. trend of uplift is now most clearly evident. 

* An. impuie grayish-green oxide has heen reported from near Tucson, and the 
carbonate from the country north of Phoenix Mineral Industry, vol ii , p 71. 
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From the fact that the conditions elsewhere were much more 
favorable for this manifestation, intensity of action being equal, 
it is evident that the cause for such restricted application was 
lack of potential, and not undue resistance, over the area in 
question. A little study of outlying regions will demonstrate 
the truth of this conclusion. 

IJtah, hTevada (in part) and a considerable area in Colorado 
and hfew Mexico evince much stronger effects of the vulcanism 
of this epoch. "We have, m Arizona, some illustrations at re- 
mote points , but the orographic results are mainly local, ex- 
cept in the ISTE quarter of the Territory. As a general prop- 
osition, the resultant at any given point will be found inversely 
proportionate to the distance from the seat of greatest volcanic 
activity in central Colorado, full allowance being made for the 
resistance of the superincumbent strata 

"When the refined methods of investigation by detailed local 
surveys come to be applied, it will be feasible to determine 
much more accurately than is now possible the economic ca- 
pacity of individual veins. All we can now do is to generalize 
broadly with a view to blazing out trails for better equipped 
workers to use as rough guides while building roadways into 
this little explored region. 

The resultant physiognomy of the epoch is of prime import- 
ance in judging of the worth of properties within the area 
seriously affected by the Cenozoic disturbance. Ignorance of 
this significance has been the main cause of engineering blun- 
ders in examination and development of mining properties in 
the Prescott district, which presents the most striking phe- 
nomena of the whole tract. 

As dynamic effects of this period, there are three (or more) 
induced geognostic and physiographic features, each with a 
meaning which no engineer can aftbrd to overlook or misun- 
derstand. The modifications of structure produced at this time 
may be grouped for consideration under the heads of disloca- 
tions, intrusions, and ejections. Ho epochal value can be prop- 
erly attributed to any of these phenomena, as far as we know. 
It is probable that each result was due to local variations in 
resistance to the pent-up energy of a long-restrained molten 
magma. There is, however, a certain order of sequence which 
may afford a rough basis for classification. That is to say, the 
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dislocations, whicli are of two kinds, were apparently ante- 
cedent to the intrusions The relations of tlie intrusions to the 
ejections, in point of time, are not clearly worked out. They 
now appear to me to have heen non-synclironous, and in the 
order here given. But it is very difficult to distinguish between 
the Igneous effects of this and the next succeeding period. 
Moreover, it is impossible, without more careful study, to de- 
termine the time of ejection of many local outflows of lava 
which have utilized much earlier fissures as escape-valves. 

(a,?j Jhslocaiions . — ^Both vertical and horizontal movements 
are exhibited in the present position of the strata over a large 
portion of the district best illustrating the history of this 
period. The tilting of the formations cannot always be readily 
detected in the western part of the Territory, where it is proba- 
ble that such effects were less intense, and more limited in ex- 
tent. In a general way, the same assertion holds good of the 
horizontal displacements, which are usually to he observed in 
the mine-workings only. 

Considering the earth-movements independently of the other 
effects, it is evident that two distinct sub-epochs are represented, 
the earlier displacement bemg an upheaval which tilted the 
strata of the Prescott region into a nearly vertical position, tlie 
later throe resulting in a considerable horizontal thrust, per- 
haps at several successive intervals. The upturning of the 
strata was presumably the earliest effect, and the horizontal 
movements were, perhaps, prior to the intrusions, if the two 
were not coincident; for the igneous dikes are apparently un- 
broken, whereas the tilted strata are oross-fractured. How- 
ever, I do not wish to argue this point without more knowl- 
edge, because there are features which might possibly hear a 
different interpretation. Bor all practical purposes, the re- 
sultant structure is more important than any oonsideration of 
genesis which does not limit the vein-phenomena. 

In the area of greatest activity during this period there is a 
prevalence of slaty terranes at the surface; and this fact ap- 
parently has as much to do with the dominant type of vein- 
structure as the dynamic agencies themselves. The piresent 
position of the strata is not easy to interpret, although it really 
appears to require no explanation beyond the tension of a sub- 
jacent caldron of fused material, unless great lateral pressure 
or resistance, in opposition, may have been a potent factor. 
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I tliiiik we shall eventually find that the dynamic energy of 
this epoch was locally variable in direction as well as in inten- 
sity Thus, while workers in the mines of the Prescott region 
will readily recognize the structure here indicated, they cannot 
expect always to duplicate their experience in other areas, even 
where the same agencies were effective. To illustrate, let us 
compare the geognosy of the Bradshaw mountains and their out- 
liers, in T^avapai eo , where the Peek, G-ladiator, Crown King, 
Buster, Henrietta, McCabe, Little Jessie and other mines afford 
striking examples of the typical structure of this particular 
epoch, with the similar genetic conditions in the S. H. moun- 
tains, a small range in the Gila valley, Yuma co., which has 
been used in another place* as an example of a different type. 
In each instance the strike of the veins, the dikes., and the up- 
turned strata is alike through the local group, and the accom- 
panying phenomena are similarly related; but the strike is 
KB -SW. Ill the former locality and N'W.-SE. in the latter. 
The dominant type in Yuma co. is that of the post-Carboniferous 
uplift, which IS almost wholly obscured in Yavapai co. by the 
impress of the Cenozoic disturbance. Apparently the dimin- 
ished intensity of the vulcamsm in the region remote from the 
main outflows was overbalanced by the decreased resistance, 
allowing the escape of lavas, locally, through vents already pro- 
vided by the earlier uplifts, and by denudation prior to this 
later epoch of uplift We thus have the weak effects of this 
epoch constrained into lines marked out by earlier geologic 
events The result becomes entirely a question of the relative 
influence of locality, as affecting the tension of the buried 
magma, and of resistance, as determined by prior dynamism 
and erosion. Our examples are chosen to represent fairly the 
extremes, but the field offers many gradations between the two, 
and probably beyond, in either direction. 

The effects which characterize the later epoch, that of shear- 
ing, are more obscure We know that they were subsequent 
to the formation of the main vein-system of the period, because 
the members have been subjected to shearing-strains which 
have produced horizontal displacements. The puzzle is to de- 
termine the exact relations of the parallel dikes to the veins 
and to the movement itself. Probably these elements can be 

determined , but, as yet, no one has seemed to appreciate the 

_______ 
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importance of the jiroblem. I must confess mucli more ignor- 
ance upon the subject than is, perhaps, creditable ; but it is 
more complicated than almost any other feature, both by reason 
of the lack of cues and because of the comparative weakness 
of the strains involved. The effects were most evident in the 
shales and slates, which afford the least permanent records 
For the greater portion of our limited knowledge we must, 
perforce, rely upon underground developments in the mines ; 
and these do not now famish satisfactory replies to the most 
important (Queries. In ISTevada, I have observed similar effects 
which were certainly produced in the subsequent Crater-peiuod, 
and it may be that they are wrongly included here. 

There is a common belief among miners and operators in 
the Prescott district that the veins are intimately associated 
with the dikes. It has always been assumed that the dikes 
antedated the veins ,* but upon what ground of evidence I have 
never been informed. The facts in many important illuetnv 
tions do not seem to couffrm this view ' But it is certain that 
the dikes and veins abound in the same areas, and to tine ex- 
tent they are mutually related Leaving them both for later 
consideration, we may most conveniently examine now the 
dynamic results of the “ shearing epoch,” without committing 
ourselves fully to any chronologic order 

In the Prescott region, the district most typically affected by 
shearing-strains, the pronounced result has been a transferring 
to the westward of sneeessive, vertically disposed units of frac- 
ture, resulting in their step-like arrangement Since the epoch 
of shearing there has been no important vein-deposition in the 
cross-fissures produced at this time. In followung the veins 
along the dip they suddenly “ break off,” as the miners say , and 
the continuation in depth is generally found by cross-cutting to 
the west, usually not many feet from the plane of the superior 
zone. Lack of appreciation of this well-determined fact led to 
serious litigation and unjust aspersions of personal character in 
the ease of the Jersey Lily mine, at Jersey, Arizona. Wo have 


* Let it he well understood that these remarks are exclusively applicable to the 
veins and dikes of this particular series I am confident that later dikes, and 
possibly some of earlier date, have been more or less truly mn-compamons ; and 
that I may be wrong in questioning such genetic relationships here, is freely 
admitted, but my conclusions are diawn. from hundreds of observations, and the 
evidence is cumulative also from later studies in J^evada 
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encountered exactly similar physical conditions in developing a 
property (the Consolidated mines) in the neighborhood; and 
many non-resident engineers have been led astray through ig- 
norance of this feature, which is recognized by all who have 
had local experience A very good illustration of the hori- 
zontal thrust 18 apparent in the Blue Dick workings, east of 
J ersey, and many other examples might be cited from the re- 
gion of the slaty environment Again, this feature is redupli- 
cated ill many IsTevada mines which I have recently examined. 
But there are many areal modifications, due to textural varia- 
tions in the country-rock and, possibly, in some instances, to 
local differences in the intensity of the exciting cause. These 
conditions are more easily recorded than formulated, and yet 
the experienced miner can usually be trusted to work out the 
liroblem in individual eases, provided that he be left free to 
act. Engineering estimates made without due regard to this 
peculiar structure have frequently proved untrustworthy, be- 
cause the surface-indications in the slates afford insufficient 
evidence of the nature of the substructure. Eventually the 
engineer will acquire not only the miner’s experience, but the 
knowledge which will enable him to interpret it more effectively 
in practical operations. 

In the region farther west and south it is more difficult to 
distinguish the phenomena pertaining to the shearing epoch. 
ITevertheless, there is, in many veins, a very similar tendency 
to “bear off'” eastward, at intervals, as development proceeds 
downwards. This is marked in the Elkhart, Schuylkill, Ten- 
nessee and other mines, at Chloride, Mohave co., although the 
strike of the strata and the trend of the veins have been but 
slightly modified from their attitude prior to the Cenozoic dis- 
turbances The “ break-ofi^” condition is not apparent in these 
regions, falthough I have observed something not unlike it in the 
Comobabi mountains, in southern Arizona, in veins of the post- 
Carbomferous series, and have had cause to suspect it in some 
workings in the Sierrita hills, both examples being from Pima 

* Inteiesting examples are certain tunnels in Yavapai co , whicli did not reacli 
the veins at the points predicted by very competent surveyors 

t Horizontal thrust along a fault of low inclmation has carried the northern 
portion of the Elkhart vein 70 ft to westward, as measured in the 2000-ft level 
This was not determined until after the distribution of the pamphlet edition of 
this paper, “ Subject to revision ” 
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CO. It is difficult to realize that the crookedness of dip of these 
veins is due to the cause here suggested , but to attribute it to 
an. agency coincident with the formation of the fissures is much 
more troublesome, in view of the present sinuosities in the hue 
of strike. We are unable now to correlate these effects in 
widely separated districts ; and it is possible that more atten- 
tion has been given them here than they justly merit. 

(b ) Iiiirusions.—Theve is some doubt whether the shearing- 
strains have not actually affected the dikes, as well as the up- 
turned strata and the veins ; for many of the dikes are much 
shattered, although I do not know of any instance of actual 
horizontal disj'ointing accompanied by thrust It is very diffi- 
cult to explain the facts of existing structure upon any other 
supposition than that here announced ; but we must for the 
present avoid committing ourselves irrevocably to the theory of 
a subsequent origin of the intrusive dikes. Possibly the act of 
intrusion may have produced the horizontal movement in the 
strata. The contents of the sheared veins is such as to lend 
confirmation to the idea of igneous movements prior to tlieir 
deposition. The importance of having more facts has been 
brought home to the writer during the preparation of this 
paper, and more extended studies since its presentation to the 
Institute have emphasized the distinctions necessary to be made 
between basic and igneous dikes. 

Viewed structurally, in the most general manner, it may he 
stated that there are three inodes of expression of the phe- 
nomena which we here group together as presumably charac- 
teristic of one geologic epoch. If this view be correct, the 
differences are wholly attributable to local environment, for 
two forms of outcrop do not occur together in any area, so far 
as now known. This fact merely indicates a decadence of the 
tension beneath the surface over nearly the whole of Arizona, 
in this epoch, rendering possible the extrusion of the molten 
magma only in pre-formed vents. Thus, in the Prescott region, 
the lines of least resistance were coincident with the stratifica- 
tion of the upturned terranes; in the middle ground already 
described (Mohave co , in part, and elsewhere), the cross-frac- 
tures of the preceding period furnished the most ready exit, 
and the fault-fissures of like epochal relations were the only 
outlets suitable for the intrusions in the remote region to the 
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southwest, where the tension was comparatively weak But in 
the legions of more intense volcanic activity, I have observed 
many instances of dike-trends which themselves dominate the 
geologic structure. 

The intrusions have heretofore been referred to as ‘‘ dikes,” 
and the typical maiiifestation is an igneous stratum intruded 
between bed-planes of the tilted slates. These dikes frequently 
stand out prominently m the topography, as protruding walls, 
which can be traced for miles across country at one view, 
from almost any point in their outcrop There are several of 
them of pronounced character, extending in parallel lines fol- 
lowing the NE.-SW. strike through the heart of the Prescott 
region, and the most profitable mines of the district are more 
or less intimately related to one or the other, in position, if not 
in genesis. 

Intrusions of this class well display the fissile structure due 
to lateral pressure, and their highly acidic character suggests, 
if it does not demonstrate, the fallibility of the theory of close 
relation in origin of veins and dikes This last idea is strength- 
ened by the non-occurrence of metallic ores in the dikes.* 

But there are also in this region dikes not interbedded, but 
crossing the country. In districts where the post-Cretaceous 
fissures cut across the strike of the earlier terranes, in such a 
manner as to leave lines of inferior resistance approximately in 
the paths of the faults (other conditions being also favorable), 
there have been intrusive effects which differ essentially from 
the typical dikes above mentioned, and from others yet to be 
described. It is probable that limited outflows may have oc- 
curred in some of these instances, and we may be stretching 
the point in classifying the fissure-fillings as intrusions But 

* In my papei on “The Geology and Vein-Structure of SW Colorado,” 
Ttans , XV , 218 (1886), I outlined a theory (developed from data collected by 
Baron von'Eichthofen, Dr, Joseph Le Conte and the vpriter, among others) which, 
in my opinion, fairly explains volcanic periodicity and the order of extrusion of 
basic and acidic lavas in the western United States Eefernng to that paper, 
and to the writings of others therein quoted, for better elucidation of this subject, 
I may heie remind the reader that acidic locks, cooled from igneous fusion be- 
neath highly siliceous terranes, indicate steady movement of the molten magma 
without commingling of the deeper-lying heavier ingredients The source of 
the metals now included m the veins of this period is, therefore, most probably 
to he sought in pie-deposited ore-masses rather than in the deep-seated basic lavas 
then underlying 



1072 THE aEOLOGT AND VEIW-PHEEOMENA OF ARIZONA. 

they are conveniently discnssed in this place 5 and theii tech- 
nical assignment is only important in making comparisons of 
separated areas. 

Another feature of the “ cross-strike dikes ” merits attention. 
They are composed of basic material, and have frequently a 
strong tendency towards columnar structure To a certain ex- 
tent, it may be necessary to qualify our previous coneliisions 
that the dikes have not had direct influence in bringing up the 
metals from below, so far as this particular set is coucernod. 
But the caution which dictates this admission is based wholly 
upon theoretical considerations 5 for no practical demonstration 
has yet given any cause for treating these dikes as exceptions 
to the rule heretofore announced. ''' 

This group of dikes represents the first stage of vulcanism 
in the region The courses are not always strictly 111 lino with 
the IsrW.-SE. strike of the fault-fissures, but they approach 
nearer to it than to any other neighboring geognostic foaturo. 
They are fairly persistent, hut more local in distribution than 
the interbedded dikes Very good examples occur 011 the 
western flanks of the Cerhat and Hualpai ranges in Mohave 
CO , and other illustrations appear 111 some of the scattered 
ranges to the south and west; but the type is much less char- 
acteristic of Arizona than of tracts farther northeast 

A third class of dikes must be mentioned In a limited way 
there is an expression of similar character to the interbedded 
dikes. 111 the region of outcrop of the ancient granitic rocks in 
southwest Arizona Eonghly speaking, the efiects are graded 
in diminishing importance as we proceed westward , but the 
complications brought about by the outflows of a later period, 
and possibly by some contemporary efiusions, have rendered 
generalization unsatisfactory without more knowledge of details 
than we now possess I venture the opinion that both basic 
and acidic material have been concerned in the filling of the 
fanlt-fissnres which these dikes ordinarily occupy or closely 


* See the papei quoted in the preceding foot-note for further elucidation of 
this subject, with illustrations from a region of greater activity. In Humboldt 
county, Nevada, in a district where the NE, coppei-vem trend is eminent and 
where the cratei -effects are relatively weak, as compared with the results in White 
Pine county, the indications imply that the dikes weie chiefly produced as late 
as the Crater-period 
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parallel. The members of this series occupy a position between 
the groups before described in some such way as this The 
interbedded group, in trend, structure, texture and mineral 
composition, has been largely coerced by stratigraphic environ- 
ment, whereas the cross-strike group, in all these particulars, 
has been chiefly dependent upon the weak resistance ofiered by 
local fractures and a thinner crust. The fault-line group is 
coerced in trend and structure very largely by the pre-existent 
fractures, and the texture and mineral composition are much 
dependent upon the stratigraphy of the locality Beyond this 
it is best not to go until we can tread on firmer ground. Illus- 
trations are abundant, but only a few need be adduced here. 
In the Baboquivari mountains, the Coyote mountains, and the 
small ranges farther west, as the Comobabi, Silver Bell, Owl 
Head, Picacho and others, in Pima and Pinal cos , these dikes 
have not resisted wear to such an extent as to completely define 
the topography in opposition to the erosive agencies But in 
the low ranges in Yuma co., the Eagle Tail mts , the S. H. 
range. King mountains and others, the dikes have constrained 
the topographic outlines most rigidly The former area con- 
tains the more basic dikes, the latter the more acidic I do 
not say that this is strictly true of the outpoured lavas, for they 
represent a different period. 

Under this head may be named also an interesting set of 
quartz outcrops which closely follow the HE -SW strike in the 
Prescott region. They are less regular and more interrupted 
than the typical interbedded dikes. Most geologists would 
reject the title of “ dike ” in this connection, but it is commonly 
applied to them locally by the miners , and there seems to be 
no better place to introduce them in this discussion.* As 
nearly as can now be determined, these quartzose walls appear 

* It IS deploiable that there is such loose employment of this term, not only by 
miners, but by engineers and geologists In a glossal y which fairly represents 
the aveiage miners’ parlance, I find the following definitions 

“Dike — fissuie made and filled bypliitonic action Its rock is most com- 
monly poiphyry It is often baiien but in some cases mineralized , or may 
carry a mmeialized selvage and so appear as the wall of a lode ” 

“ Dyke — A wall-like mass of mineial foieign to the general foimation ” 

In conversation with a pi eminent foreign mining engineer upon the subject of 
these same quartz-reefs, which he had examined, he remarked, “They are not 
dikes, because they do not cut acioss the veins ” 
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to be "but another expression of tlie same energy which pro- 
duced the igneous dikes j or, rather, it maybe supposed that 
they are due to similar causes modihed by special environment. 
There is apparently a much closer alliance of the veins with 
these reefs than with the real dikes In fact it is often diffi- 
cult to separate the “reefs” from the category of veins. 
The only criterion I have found useful is that of the mineral 
inclusions , and this is not wholly satisfactory. 

In the district east of Mayer, in Yavapai co,, some copper- 
ores have been taken almost directly from these outcrops , and 
certain veins yielding much copper are very closely related to 
the reefs in position. So far as my own studies go, it is not 
very difficult to distinguish the reefs from the veins, even when 
the latter are decidedly quartzose, but the development of 
properties in the vicinity of the reefs requires the exercise of 
judgment and slnll Farther west in the Hassayampa country 
there is less chance of confusion, perhaps, because the outcrops 
of the reefs are much less frequent 

The only mineral I have detected in the matrix of the quartz 
reefs is lamellar magnetite. The “copper stain,” somotimes 
formed in crevices of the broken quartz, is invariably of ex- 
traneous origin. The quartz is usually amorphous or crypto- 
erystallme, and the magnetite is disposed in thin plates, forming 
a more or less regular network through the mass. Occasion- 
ally considerable blocks of ore may occur upon one or both 
sides of the reef, as in the Little Wonder and Bonanza F!ing 
mines, at J ersey , and a similar exposure known as Bald Butte, 
on Midt creek, has very piromiiient outcrops of rich gold- 
bearing “honeycomb-quartz,” appearing at intervals as wedges 
between the walls of the reef. 

This class of intrusions (if such they be) deserves very care- 
ful study The Zero mine, the Quartz Mountain mnies and 
many others of similar environment in the Hassayampa drain- 
age-basin, ill Yavapai co., are closely dependent upon the inter- 
relations of the reefs and veins The conditions seem to 
favor the occurrence of the ores in “bonanzas;” and this 
may account for the great richness of the ore-shoots in places. 

(e.) JEjections . — We enter a little-worked field when we take 
up the discussion of the volcanic outflows. There is nothing 
in the history of the epoch preceding the mam eruptions which 
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can be said to have an important bearing upon the vein struc- 
ture ; but the presence or absence of a capping might have had 
much influence upon mineral segregation locally. 

An illustration of moderate local outflow has been given in 
another place.* It is probable that some outpouring occurred 
in many districts where we now have but little evidence re- 
maining; but some of the prominent topographic landmarks, 
with cappings of lava resting nnconformably upon the sub- 
structure, are presumably traceable to this epoch. Of this na- 
ture I now consider the basal portions of the lava-flows in the 
Superstition mountains, east of Phoenix, and many of the out- 
crops of similar nature in the Pinal mountains around Grlobe, 
as well as isolated exposures all over the country to the west, 
north and south. "Without going further into the subject, it 
may be stated roughly that the eruptives of this class are more 
or less basic, varying somewhat in composition and texture in 
accordance with the stratigraphic environment The eftects 
produced in the Santa Pita, Huachuca, Ohiricahua, Peloncillo, 
Graham, Gila, Mazatzal and other ranges eastward, have not 
been segregated in detail from those of a later epoch, but good 
sections are available in the San Pedro canon, east of Tucson, 
and in numerous other localities, where erosion has clearly ex- 
posed the dual character of the volcanic history. Very good 
illustrations are outcrops in Hackberry canon and Mineral 
creek and other portions of the Gila drainage, in Pinal co. ; 
also near Dripping Spring and Pioneer, in Gila co , and 
there are others in the canons tributary to the Salt river, in 
Maricopa co. 

(d.) Vein-Sirudure and Texture . — have attempted to make 
clear one salient principle which is practically applied by all 
successful miners in the Prescott region, although they may 
not recognize it in terms, namely, that there are four classes of 
rock (the interbedded, the cross-strike and the fault-line dikes, 
and the quartz-reefs) to be considered in every mining problem 
in the area of IIE.-SW. trend. A fifth (the volcanic capping) 
may be present, but it cannot be confounded with any of the 
others. It may be that neither the igneous dike nor the quartz- 
reef will interfere with the working of the vein, and neither 


VOL XXX — 66 


See footnote, p 1057 
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need neceBsarily become an adjunct of favorable impoitance. 
Vein and country-rock will reqmre particular attention at the 
start. But, as a preliminary step, the operator needs to know 
whether he is tackling a real vein, or merely a quartz-reef^ or 
an igneous dike, but it is very important also to determine 
whether the vein is intimately associated with the dike or reef, 
when close at hand. These questions once settled, the vein and 
its “ country’’ demand careful investigation. 

The country-rock is usually slaty or shaly, which renders 
prospecting difficult, for the vein-outcrops are often obsciiied 
by the detrital deposits and the “ float ” often yields uncertain 
indications, because it may be visible only in spots where the 
ground has been washed away, and it may be covered where 
the same influence has deposited earth around it. Thus it fre- 
quently becomes necessary to sink test-pits at many points be- 
fore the ore-bodies can be traced. A.nother hindrance is the 
false evidence sometimes afforded by oxide streaks, which 
ramify abundantly in the bed-plane crevices, often staining the 
slates themselves into the semblance of real veins. Even the 
test of assays from surface-exposures may deceive, because it 
often happens that the richer veins have been leached in the 
exterior zone to a measurable depth. Again, the concurrent 
testimony of all ordinary tests, if affirmative of the vein char- 
acter, cannot always be taken as proof of the Iqqub, of the main 
shoot. 

As is well understood, veins enclosed in slaty' “ country,” 
where the rock is triable at the surface, are very liable to be 
split up into several branches in the oxidized zone; and 
although almost any one of the branches, if closely followed, 
would eventually lead to the main body, there are vita] legal 
questions involYed in the priority of location. It is, therefore, 
not always safe in this district to work a property which has 
not unusually broad surface-ground. The width of one claim 
(600 ft.) is certainly ample in most cases, if one be sure of his 
rights, with the vein in the median line But this often pre- 
supposes knowledge which comes only from deep working. 
This uncertainty explains the common custom of large hold- 
ings, much ridiculed by some non-residents who lack local 
experience. 

Really there is not much difference in the veins of this group 
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from what will be recognized as characteristic of any locality 
in which the slates predominate, except that here the effects 
have been extraordinary in amonnt. The structural features, 
wdiile conforming closely to pre-existent geognostic lines, are 
apparently very much more affected by lithologic environment. 
Perhaps this proposition is less applicable below the zone of 
oxidation ; and even greater influence may be justly attributed 
to variations in the deeper-seated sources of supply of the vein 
ingredients 

The walls are well or ill defined according to the rigidity of 
the country ” at the point of contact with the vein. It is 
very common to find the slates themselves impregnated heavily 
with the ores in surface-exposures, and cross-cutting often re- 
veals unexpected ore-masses in the deeper workings The tex- 
ture of the veins varies greatly ; and the mineral contents do 
not appear to bear any close relation to this feature, except in 
a restricted sense. That is to say, one cannot judge of the 
amount or quality of the contained mineral from simple exam- 
ination of the matrix, although it is usually possible for the 
local expert to detect the richest portion of individual claims 
after a little experience. But it frequently happens that one 
property will manifest its richness, especially as regards gold, 
in a kind of vein-matter which is barren in neighboring mines, 
notwithstanding the fact that the latter may carry equivalent 
values in a different matrix. Again, each particular district 
has its own general mode of occurrence of the ores. Conse- 
quently there are few tracts where non-resident examiners 
are so liable to err in estimating the true value of an invest- 
ment. 

(e.) Distribution of Vein-Materials . — ^It is a question worth 
studying whether the irregularities m distribution of the vein- 
components are wholly erratic, or if they may be brought into 
harmony with any system of arrangement which can be de- 
pended upon as a practical guide. 

Fear Jersey, Yavapai co., the Fred Smith and the Boss claims 
he parallel, about 1800 ft. or more apart, and the rich outcrops 
are not at opposite points, but are separated by about half a mile, 
measured along the vein. The gold-values are contained in a dark 
“ honeycomb ”-rock, which is abundant in both veins for long 
distances, and is also characteristic of many other vein-outcrops 
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Ill the neighhophood. This rock runs well in gold in a portion 
of the Gold Jem claim m the line of the outcrop of the Fred 
Smith ; hut in the Scotland, a parallel claim, and in portions of 
the Bonanza King and other claims opposite the Boss, the same 
class of material is practically barren. 

In the Jersey Lily mine, lying between the Rose and Fred 
Smith veins, the rich ore near the surface was contained in 
honeycomb-quartz, m part; hut the color and texture were not 
the same as in the other cases The Fred Smith ore appears 
more like “ worm-eaten ” rock, and the Ross quartz is similar, 
with more tendency to the Jersey Lily texture within. In one 
part of the Gold Jem a porous earthy quartz is gold-heanng; 
hut a very similar substance is absolutely barren in a parallel 
claim. The rich gold-ore below water-level in the J ersey Lily 
mine is a massive pyrite of dull luster and by no means brassy^ 
A similar mineral in the Blue Dick mine, one mile eastward, 
runs low in gold, whereas the accompanying “ brassy py rite ” is 
highly charged with this metal. But the Blue Dick is not as 
good an example of the veins of this period, having been 
strongly influenced by earlier deposition. 

In the district surrounding Mayer there is a similar mani- 
festation, and a further specialization is prominently indicated, 
which is only hinted at in the Jersey region. Here the veins 
of copper and of gold are remarkably distinct. Uot only are 
the eopper-belts well defined and separated from tlie auriferous 
tracts, as a whole, but there are some very interesting examples 
of similar segregation within one and the same narrow bolt. 
Thus, on the Mineral Hill and Examiner claims, at Huron, lying 
parallel, in a tract between the great gold-belt and the main 
copper-belt of the district, there are several parallel voin-out- 
crops in which the gold- and copper-ores are separated in irreg- 
ular alternation. Though not very explicit, and apparently 
paradoxical, the statement that copper is not usually abundant 
in the gold-ores, whereas gold is prevalent in the copper-ores, 
will be well understood and affirmed by workers in the region. 
It appears that gold has not been as particular in its passage 
upwards as copper.* Two veins, 10 feet apart, which were 


* This is in line with the outcome of experiments on vein-formation made by 
the writer and alluded to under II, 2 id ), mk (See footnote, p. 1061 ) 
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cross-cut in a tunnel on the Mineral Hill claim, gave samples 
(each covering 3 feet in width) as follows 

Gold Silver Copper 

Oz per ton Oz per ton Percent 

No 1, . , . . 015 120 trace 

No 2, . . 0 70 1 10 trace 

A third vein near the boundary between the Mineral Hill 
and Examiner claims yielded 

Gold Silver Copper 

Oz per ton Oz per ton Percent 

No 3, . . . . 0 20 1 40 1.45 


(Hos. 1, 2 and 3 would be classed as gold-ores.) 

Two samples from a shaft on the Examiner claim gave : 



Gold 

Silver 

Copper 


Oz per ton 

Oz per ton 

Per cent 

No. 

4, fiom bottom of shaft, 0 80 

3 40 

9.25 

No 

5, “ shaft 10 ft. below surface, . 0 50 

2 40 

21 45 


(Hos. 4 and 6 would be regarded as copper-ores running well 
in gold.) 

In a drift on the Mineral Hill, at a point on the vein about 
50 ft. below Ho. 2, above, we have recently encountered the 
ore-shoot, from which a sample yielded • 

Gold Silver Copper 

Oz per ton Oz per ton Per cent 

No 6, . . 112 33 90 5 80 

Three samples taken by myself from the Buster, a distinctive 
copper-mine directly in the copper-belt of the vicinity, yielded 
from a trace of gold to a maximum of 0 40 oz. per ton. These 
yielded copper as below 

Copper 
Per cent 

No. 6, five feet vfidtli of face, NE drift from tunnel, . . 6.80 

No. 7, ore streaks of above, partly cleaned, . 8 84 

No 8, oie partially assorted, . 10 60 

The copper-ores of the Bullard mine, 25 miles west of Con- 
gress, carry about $13 to the ton in gold 

The foregoing examples are all typical, but not by any means 
exhaustive. 

Hearly all the copper-mines of this series of veins carry gold 
in appreciable amount ; but the gold-mines, which have pro- 
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diiced ail enormous aggregate of the precious metal, are very 
rarely cupriferous. This is diametrically the opposite of the 
distribution of these two metals m the earlier vem-sencs; and 
the difference in this respect between the Copper Queen and 
Old Dominion mines and the mines at Jerome is partly of this 
character But there is another influence which must not be 
overlooked— the relations to the auriferous vein-series, or system, 
of E.-W. axes 

Lynx Creek mines illustrate the same peculiarities, and the 
region of the Bradshaw mountains affords numerous instances 
m keeping with the principle here enunciated Some of the 
most prominent gold-producers all over the district exhibit fea- 
tures which would utterly condemn them as representatives of 
the preceding period Hence it is a matter of great import- 
ance to determine to which series a given vein belongs before 
passing judgment upon its value ; and it requires much prac- 
tical experience in the area itself to enable one to speak with 
authority on this point 

The cause of this remarkable difference in segregation lu the 
two periods of geologic time is not to he detected at a glance. 
The facts themselves have not been clearly recognixed by 
workers m the field, and it is, therefore, not strange that no 
one has heretofore attempted to explain them. To my mind, 
the whole difficulty disappears when we regard the later senes 
of vein-fillings as mainly clue to the transfer of material by 
aqueous agents from the previously deposited veins of the 
earlier series. A part of the evidence is before the reader of 
this paper, much more will appear upon acquiring some famil- 
iarity with the district, and a careful study of the sulject will 
bring to light a preponderating array of facts which do not 
admit of any other conclusion 

In discussing minor details one is most liable to generalize 
from insufficient data Let it be borne in mind that two or 
more classes of veins are liable to occur together in nearly 
every district in Arizona. We are dealing just here with only 
one class — the typical veins of the northeast trend. The hard 
and fast lines we must perforce draw in our clasaificatioris can- 
not always he established to a nicety in individual eases. More- 
over the theory here advanced itself calls for many local varia- 
tions in the mass and quality of the ore-bodies. Hence the 
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necessity for great caution in interpreting the indications ob- 
served in the mines of the Prescott district. 

Those who have given most attention to these veins will 
probably agree with me in the statement that the positions of 
ore-bodies are much less influenced by proximate local environ- 
ment than by the loci of pre-formed bonanzas from which they 
are derived. Consequently a knowledge of geologic structure 
IS even more advantageous than an intimate acquaintance with 
the country-rock and the vein-flllings 

Another point of much significance is the variety in the 
modes of occurrence of gold in the oxidized zone. Aside from 
the fact already announced that the free gold does not nivaria- 
bly appear in vein-matter of given character, it also occurs at 
times in peculiar situations where the only semblance of vein- 
structure is an oxidized stain or an earthy deposit of uncertain 
relations. These manifestations merely indicate that conditions 
have supervened since the original vein formation which have 
permitted distribution of the oxidized products along new lines 
near the surface , but the importance of such considerations can- 
not be overlooked in practice. The stock in trade of the best 
guides to development in the region is, therefore, a well-equipped 
storehouse of facts gathered in extensive local experience. 

Much evidence might be adduced in support of the conclu- 
sion that the main source of the gold in this vein-series is 
really to be sought in the ancient east— west auriferous belts 
hereinbefore described, and that the copper-ores have come 
chiefly from the northwest-southeast belts of earlier date. 
Bearing this idea in mind, we may roughly circumscribe the 
areas of maximum mineralization, and also gain a valuable 
means of determining the localities most favorably disposed for 
mining 

To explain more fully, if one has traced out the true course 
of a prominent ore-belt of the auriferous series, the continua- 
tion of its trend (E.-'W.) across this track will be presumably 
the richest part of the field in gold-values. With modifications 
already catalogued, the same rule will apply here as in the case 
of the bonanzas of the hTW.-SE. trend For copper, other 
things equal, near ap|)roach to deposits of the hTE. trend will 
be the most favorable indication ; but, naturally, this test will 
usually be more difficult of application 
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It is a fact that tlie best parts of the gold-fields of the Pres- 
cott region are those wbieh lie approximately east of the prin- 
cipal free-gold camps of the denuded area of western Arizona , 
and it is very true that all the copper-deposits now worked in 
the Prescott field can he duly arranged in NW.-SE lines 
which will individually express more or less mdepondent char- 
acteristics, although their relations to the HE . course arc 
very close. In Hevada, the connection with the HW . course is 
not evident, as a rule, but the copper trend is distinctively NE. 

We shall not be able to discuss these interesting features 
more extensively in this paper, but the data available afford 
very striking proof of the theories of origin here announced 

(/) Vein-Gontents ~T}ie oxidized minerals of this series of 
veins do not require specific mention here, although there is 
undoubtedly a most prolific field for chemical investigation in 
the relations of these to similar products of other vein-classes. 
I have never been able to identify any but the common oxides 
of iron and copper, with their usual salts (carbonates and sul- 
phates), in this present group, and I think it safe to deny the 
existence of chlorides as well. At the same time, we have not 
followed home the very interesting occurrence of ores of van- 
adium and other rare metals Cue deposit of vauadiinte ni 
this district, in connection with abundant maiigauese-ore and 
rich silver-minerals, is noteworthy. The Silver Belt mine, and 
especially the Lincoln mines, in the same neighborhood, carry 
large quantities of vanadmite associated with rich silver-ores. 
This fact and the occurrence of a similar quality of vanadiiiite 
in close connection with copper-ores in a tract south of the 
Mammoth mine, m Pinal co., and its association at this mine 
with a lead-compound (wulfenite), gives much support to the 
notion of an origin subsequent to the deposition of the veins 
of HW. trend. The presence of gold in quantity in such shape 
as at the Mammoth does not militate against the theory, 
whereas all facts known to me now tend greatly to strengthen 
it. The occurrence of tellurium in Yuma co., near Harris- 
burg, is in a district where the HE. trend of uplift is evi- 
dent* 

THis subject lias already teen more fully treated above (pp. 1062, 1063). 
There is here a fertile held for investigation by the obemioal geologist I can 
only adduce facts to proye ignorance. 
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Gold occurs free in a zone which, has been oxidized to the 
depth of about 160 ft., as a rule, irrespective of the topographic 
outlines, The area is generally considered a part of the arid 
region, and at times the surface is very dry for months at a 
time; but it is subject at irregular intervals to very heavy 
storms, which excessively wash the surface, often leaching or 
abrading the exterior portion of the veins. Below this 
“ weathered ” zone, which varies greatly in extent, the ore- 
bodies are usually concentrated to within 60 ft or more of the 
permanent water-level Between 100 and 150 ft. from the sur- 
face there is frequently a barren zone, the sulphide-ores appear- 
ing at or near the water-level. Veins in quartz are not always 
oxidized to as great an extent as here noted. The free gold is 
usually fine-grained, often invisible to the naked eye. Owing 
to its erratic manifestations in this class of veins many serious 
errors have been made by engineers reporting on properties in 
the district without detailed study of the veins. There are in- 
stances where the so-called vein-walls are several feet apart, 
whereas the real vein-components occupy but a small portion 
of the width. A property with an ore-body of 2 ft., sampling 
|10 per ton in gold, would be regarded as a fair business prop- 
osition, but if a well-known expert should include 8 ft. in his 
sample, the extra width being barren, his average of |2 50 per 
ton would become the basis of a condemnatory report. On the 
contrary, the concentration of gold in the gossan of veins of 
this class may lead to unwarranted favorable conclusions. The 
best evidences of value are usually obtainable below the depth 
of 150 ft., in the sulphide zone, but the means of judging 
fairly are not necessarily thus limited to one who is well ac- 
quainted with the district. 

Pyrite occurs in a different mode, in these veins, from its ex- 
hibition m the earlier vein-senes. Here the coarse crystals, in 
massive aggregations of dull luster, appear to be the auriferous 
vehicles jpar excellence. The granular crumbling masses, made 
up of minute crystals, are rarely gold-bearing The most val- 
uable deposits are imbedded in a white quartz matrix, and oc- 
casionally large crystals of galena are associated with the 
pyrite , but lead-ores are not characteristic of this vein senes. 
Car-loads of the pyntous ores have been shipped from the 
Little Jessie, McCabe, Jersey Lily and other mines on the 
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typical veins, whicli have yielded from 10 oz to 30 oz. of gold 
per ton. 

Olialeopynte is not as frequent a constituent of the distiuctivo 
gold-veins as might be inferred from the foregoing statements. 
The facts seem to hint of double lines of genesis for the gold- 
aud copper-veins of the period This may be as much due to 
separation of the sources of supply, geographically, as to any 
inherent cause connected with the deposition of the miiiei als, 
although the conditions heretofore described near Huron Sta- 
tion do not strongly fortify this assumption. 

The co]oper-veiiis of this gronp present very similar con- 
ditions, except as to mineral-contents. The gangue is much the 
same as that of the gold-veins, but the absence of lead-ores and 
of non-ciipriferoiis pyrite is very noticeable. 

A district in southern Arizona and northern Sonora appears 
to be affected decidedly by this line of disturbance. It is here 
that the ‘‘ mixed ores ” occur most commonly, and the apparent 
anomalies already discussed in the jcreceding division are cases 
in point Zinc is not characteristic of this series, but my 
present impression is that arsenic belongs distinctively to tins 
vein tjqie, as the ores of the Hillside and Cherry Creek dis- 
tricts, in Yavapai co., are examples of such composition 
Arsenic may be wholly of later origin, however. 

4 The Post-Tertiary Crater-Eru'piions. 

It is presumable that the somewhat localized disturbing 
effects, which were subsequent to the period of general volcanic 
activity in the western United States, have involved the Ter- 
tiary strata. The importance of this feature in its bearing 
upon the petroleum-industry is not to be gainsaid , and the ne- 
cessity for holding it as a working-guide in much of the region 
west of the Colorado is very apparent. Some recently discov- 
ered oil-indications in western Arizona suggest a similar cau- 
tion, but otherwise the mere stratigraphic rolations of the 
crater-eruptions do not appear to have a very important bear- 
ing upon structure or vein-formation. 

The geographic extent of the eruptions is not restricted, but 
there are differences in the effects in different areas, due mainly 


*Seep 1062 



THE GEOLOGY AND VEIN-PHENOMENA OP ARIZONA. 1086 

to local variations m the tension and in the resistance offered 
at the loei of ejection. The suhseqnent vein-deposits, it will 
readily he understood, are greatly dependent upon both these 
factors and also upon the conditions of the resultant structure, 
as well as the accessibility of earlier mineral aggregations 
The recognizable remnants of important craters do not at 
first sight appear to have any system of distribution , but one 
cannot long work over the field without being impressed with 
the tendency towards alignment in two directions. Individual 
differences in amount of lava-flow and in subsequent erosion 
have left the topography much more irregular than the geology 
would indicate, if diagrammatically rej)resented. That is to 
say, the crater-cones, large and small, were actually distributed, 
in semblance to quincunx order, along the previous lines of 
weakness of the two next preceding uplifts — on the fault-lines of 
the H'W.-Slll. trend more especially, but to some extent also in 
the path of the later ISTE.-SW uplift By far the greater im- 
portance must be attached to the vents afirorded by the northwest 
fault-fissures, and this fact explains very much of economic in- 
terest regarding the character and distribution of the ore-de- 
posits of the crater-veins These features are strikingly ex- 
hibited on the map accompanying this paper 

The lava-flows and other proximate products of eruption, — 
such as vitreous, scoriaceous, tufaceous and ashy materials, — 
are illustrated in great variety, but there are two features 
which have much practical significance in mining, namely, the 
extent of disruption and the amount of secondary action. 
"Without attempting more than a very general application, it is 
possible to enunciate a law which will serve as a fair index in 
many cases. Other things being equal, the vein-deposits of 
this epoch are roughly proportional, qualitatively and quanti- 
tatively, to the dynamic energy. This is not saying that the 
resultant of energy verms resistance is the measure of the im- 
press of this vein-series upon given localities. It simply means 
that one must expect to find complications in structure and in 
vein-contents due to this period of vulcanism in nearly direct 
ratio to the tension of the magma at the focus of eruption of 
the individual craters But the mineral segregations due to 
secondary action will depend largely upon the relations of the 
crater-period fractures to the earlier veins which constitute the 
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source of supply. These deductions gain force from the ISTevada 
region, where the same conditions are intensified by maximum 
crater activity 

We have abundant evidence that the conditions of vein-for- 
mation, when the fissures of this epoch were filled, had under- 
gone a change since the period of the preceding “ mixed ore ^ 
deposition, for the products are wholly different and of a 
character shoiving selective segregation. This result cannot bo 
explained by any fact of distribution of the earlier voin-ingre- 
dients , it must have been due to chemical reactions which wore 
powerless to modify the gold-ores, but very efiective in trans- 
forming and transporting the silver-compounds 

{a ) Yein-StrucUre and Texture . — There is no distinctive trend 
characterizing the veins of this period, and their detection is 
rendered more difficult by reason of what might be termed 
the pseudomorpMc character of some examples In other 
words, where the lines of least resistance were prior structural 
vents, as hed-planes or fracture-courses, or where these have 
subsequently acted as channels for the vapors and heated 
waters, veins of this series have occasionally been produced in 
such a manner as to simulate closely one or other of the earlier 
sets. The most common type of this class is probably the E.-W. 
pseiidomorph, hut I am familiar also with examples of the hTE.- 
SW. trend ; and there are suspicions concerning some which, 
in certain localities, fill fissures trending HW.-SE. 

The veins of this period are more confusing than any others, 
viewed solely by themselves; but there are two features by 
means of which they can always he distinguished from other 
series (1) they are never broken by other veins, but have in- 
variably broken any which they cross ; and (2) their mineral 
contents are dififerent The dislocations which have occurred 
since the formation of the crater-veins do not contradict this 
last statement, hut they have caused complications which, 
though commonly of mere local import, may give trouble in 
mining if not rightly diagnosed Two or three instances of 
this have already occurred in one district; and greater pecu- 
niary losses are liable to follow from lack of appreciation of the 
structural conditions here explained. 

Another element of complication in practice is the frequent 
ramification of the veins, especially as interbeclded contacts, 
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through the more superficial terranes Accurate surveys and 
close watch over developments hy skilled engineers are essential 
to success with such properties, as is plainly evidenced by the 
experience of operators in localities where such deposits occur. 
It goes without saying that the effects produced upon the older 
veins by the dynamic agents of the crater-period only serve to 
add to the puzzles which must be worked out in mining. 

Taking this class of veins in local groups, it is usually possi- 
ble to trace them all to a central focus, or radiating point, 
which is the site of an ancient crater. But there are two 
reasons why the outcrops are commonly less distinct, and the 
tracing consequently more difficult, than in the case of earlier 
veins. The cap of lava or other material which has been 
requisite for vein-formation has not been so largely eroded 
from this late series ; and the segregations have been formed 
chiefly at or near the intersections of earlier veins, thus often 
making the bonanzas of this epoch better indicators of earlier 
vein-courses than of their own fissure-trends. Therefore not a 
little of our knowledge of this last series must be gained from 
mine-workings, a fact which may excuse the ignorance we can- 
not but confess. 

The texture of the veins of this order is usually specialized 
enough to enable one to distinguish them from the older 
groups, and the recent displacements have produced unique 
effects. The results of kaolinization are markedly apparent, 
and the matrix is very fine-grained, or saccharoidal. The con- 
tained minerals are likewise micro-crystalline in texture. In- 
cluded masses of amorphous or crypto-crystalline quartz, ap- 
proaching porcelanic sintery types, are not infrequent In fact, 
the whole appearance indicates a formation more recent than 
that of the other veins of the region, with abundant traces of 
the action of heated waters, solfataras and other concomitants 
of the last stages of vulcamsm. 

My illustrations in detail are largely drawn from the Chloride 
district, Mohave co., but the ‘White Hills mines in the same 
county afford even more striking examples ; and abundant evi- 
dences of the same structural and textural features may be 
gleaned from all over Arizona and the adjacent regions. Ke- 
cent developments in the Yaeger mines, in Yavapai co , con- 
firm in the most convincing manner the proposition here an- 
nounced. In ISTevada, this crater system is especially prominent. 
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r^.) Vein- Contents. —Th.e true silver-minerals are character- 
istic of this vem-type, and it is remarkable that silver sulphides 
are abundant in situations where the active solvents apparently 
had free access to stores of gold and copper without materially 
altering the pre-existing compounds of these metals This fact 
may partly explain the deposition of the minerals now con- 
tained in the matrix of the crater-veins, as it implies the factor 
of sulphurous fumes or solutions, which might, perhaps, have 
little alterative effect upon pre-formed sulphides carrying gold 
and copper. 

But there are also important local deposits of copper-ores 
that seem now to belong to this epoch of vein-formation. Of 
these, possibly, the United Yerde mine is in part an example. 
My studies thus far leave me in some doubt, but I am disposed 
to regard these deposits as not exceptional, and as due to the 
action of excessive heat. In other words, near the centers of 
eruption, especially in conjunction with pre-formed masses of 
rich copper-ores, there is liable to be some departure from the 
typical products of this series. It is a very significant fact 
that, in every case of this land which has come to my notice, 
there is very close relation to the UW.-SE series of veins. 
A very interesting additional observation is the apparent ab- 
sence of ores of lead, even from situations where access to such 
material was not restricted. This may, perhaps, be explained 
by the relative specific gravities of copper and lead sulphides ; 
but the whole subject of the proximate distribution of load and 
copper in the region is but beginning to be understood. 

In this connection we must consider some interesting occur- 
rences of native gold, silver and copper, to which allusion has 
already been made in this paper.* On Lynx creek, Yavapai 
GO , a mine formerly worked by Mr. Willard S. Morse has 
yielded some very peculiar gold-segregations Judging from 
descriptions of the run of ore,t and from a fair knowledge of 
the district, it seems probable that the impress of the UW.- 
SE. and IsTE.-SW. trends are here evident, with, perhaps, the 
secondary action induced by the crater-type of structure, hut 
these opinions have not been actually verified. The specimens 


* See p 1062, aboye 

t Morse, ‘’'Milling Arizona Gold-Ores,” etc Tims , xxy , 131 [1895). 
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sbown me by Mr. Morse were very similar to a part of the 
early products of the Ray mine, Pinal co., except that the gold 
on Lynx creek was “tangled’’ through the quartz in large 
flakes, whereas native copper occurs m the same manner in the 
Mineral Creek district (Ray mines, etc ). Some remarkable de- 
posits of native silver, as at the Buckeye mine and other mines 
near Mineral Park, Mohave co., may have had similar origin 
The occurrence of “leaf silver” in porphyry at Globe and 
Bisbee illustrates equivalent features. At the same time, the 
possibility of direct igneous action in all these cases is not to be 
denied ; but the presumption is in favor of this Crater-period as 
the date of formation. We have yet very much to learn of 
these matters, and the few facts gleaned only emphasize the 
need of more detailed study of the veins and their environ- 
ment. 

The very high-grade silver-ores, sulphides and chlorides, 
which gave intense but short-lived prestige to Tombstone, in 
Cochise co. , Silver King, in Pinal co , Pioneer, in Gila co , 
McCracken, in Mohave co , and many other examples of 
greater or less fame, such as certain mines at Harshaw, Santa 
Cruz co. ; Qmjotoa, Pima co. , OwTs Head, Pinal co. , many 
once famous silver-producers in Yavapai co. , and at Chloride, 
Mineral Park and the White Hills, Mohave co., are apparently 
all illustrations of local segregations of this crater-type They 
are not as safe for the investment of large sums as the lower- 
grade continuous deposits of earlier origin, but they have the 
merit of not requiring heavy outlay until their extent has been 
proved, because their ores are usually rich enough to ship with- 
out more than ordinary hand-sorting. 

“Ruby-silver,” “grey copper” and “horn-silver,” in miners’ 
parlance, comprise the bulk of the common minerals of this 
series, but the technical varieties are numerous. Proustite and 
cerargyrite are common, but a long list of complex sulphides 
might be made up from the different localities, showing de- 
parture from the type-species according to the relative degrees 
of admixture with accessory metallic ingredients. Antimomal 
varieties are probably most abundant, but arsenic is prevalent 
in a belt of uncertain limits in central Arizona Copper and 
zinc in abnormal proportions are occasional, as at the Altata 
and neighboring mines in the Chloride district. 
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HI, Eeview of the Stratigraphy, and its Economic 
Eelations. 

There is a wide field for investigation of the details of the 
geologic record, and only the most general outline can be given 
here. Over much of the Territory no systematic work has 
been attempted. The only investigations conducted at public 
expense have been carried on by the U. S. G-eological Survey 
and, for a very short season, by Professor John E Blandy, as 
Territorial Geologist, with disconnected studies under the aus- 
pices of the University by myself, as Director of the School of 
Mines, and later by Professor William P. Blake, in the same 
capacity. Uaturally the published results have been less ex- 
plicit in stratigraphic details than in other directions. 

1. The Arehean Gramtes. 

A rough classification of the granitic exposures into two 
classes, namely, the massive and the fissile, may serve as well 
as any scheme to cover our ignorance of the real relations. 
There seems to be some little warrant for regarding the former 
group as antecedent in origin, but this may not be true of all 
the outcrops. The present position of the exposed masses is 
probably due not so much to simple erosion as to orographic 
processes subsequent to the solidification of the mass. 

(a ) Massive Qramtes . — ^Even the best examples of what ap- 
pear to he ancient granite bosses have been considerably shat- 
tered by the more recent dynamic events, so that it is often 
difficult to separate them from the typical fissile granites, pre- 
sumably of later date. The distinguishing features are brought 
out more clearly by weathering, and the texture is usually also 
characteristic. Another distinguishing point is the general 
absence of veins of the standard fissure-courses. The masses 
of this class are exposed in the somewhat restricted “ barren 
belts,” of which a limited tract surrounding Prescott, and in- 
cluding Granite mountain, is a good example. Apparently this 
was brought to light chiefly by the uplift which resulted in the 
NE.-SW. trend, although subsequent erosion may have enlarged 
the exposure of it in the outlying edges of the field. Other 
examples, presumably of similar origin, occur farther south- 
west. In a portion of the Grand Canon of the Colorado, in 
northern Arizona, there are exposures of such granite due to 
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erosion, and it is probable that some similar outcrops occur in 
the valley of the Colorado, in Yuma co., and in California. 
The outcrops of the Little Dragoon mountains, Cochise co , 
present very similar features, and like indications of the epoch 
of uplift which brought the granites to light. 

Aside from the granites of this series fit for building mate- 
rial, the occurrences of other minerals have been little inves- 
tigated. Mica has been reported in commercially important 
dimensions and quantity, hut no practical results have followed 
attempts at exploitation. The source of the limited finds of 
platinum in the lower end of the Grand Canon of the Colorado 
has not been ascertained, but there is at least a suspicion that 
this metal may have been associated with the basal granites. 
Several competent authorities have detected platinum in vary- 
ing proportions , but as yet it has not been possible to locate 
the original outcrops * 

(b.) Fissile Granites — There is an important series of gran- 
itic rocks which appears to lie between the massive granites 
and the schistose strata which form the floor of much of the 
area in western Arizona. These are, of course, involved in 
the successive uplifts, but they show most plainly in two of the 
trends — ^tlie E —'W. and the ILE.-SW. In southwestern Arizona, 
and to some extent farther east, they are prominent as inter- 
stratified portions of the terranes of E.-W. strike ; in the Little 
Dragoon hills and in the outlying portions of the Granite 
mountain country about Prescott, they are largely involved in 
the ILE.-S'W’. strike. The members of this series are usually 
fine-grained, without massive structure, although some of the 
layers are of considerable thickness They have the appear- 
ance of metam Orphic granites, with distinct bed-planes. Some 
of the basal members are veritable gneisses. 

The minerals of economic importance which seem to be 
related directly to the fissile granites are not numerous. Pos- 
sibly some reported asbestos may be within this terrane, and 
it may be that the platinum thus far discovered is really to be 


* This information comes from a reliable source , hut it may be that the ma- 
terial in which the metal was detected was not actually collected by the person 
making the test I think, however, that Mr Herman Poole, of 327 Canal St , 
New York City, has verified the discovery hy analysis of his own samples taken 
on the spot. 

von XXX —67 



1092 THE GEOLOGY AND VEIN-PHENOMENA OP ARIZONA. 

included here , but these assignments are very questionable. 
Some of the free-gold veins of the E.-W. auriferous series 
are interbedded, with granite-schistose contacts. This is espe- 
cially marked in southern Arizona, in Pima co , south of Tuc- 
son. Apparently of much later origin, but similarly associated 
(or more directly in the granitic belt) in the ISTE.-SW trend, 
are the recently discovered outcrops of tungsten-ores (wolfram- 
ite and hiibnerite) in quartz. Probably these owe their po- 
sition as much, or more, to igneous action subsequent to the 
metamorphism and upheaval of the granites. 

As to the age of the granites, we can only estimate roughly 
the geologic epoch represented by these rocks In the Grand 
Canon section, as early announced by the U. S Geological 
Survey, Cambrian and pre-Cambrian strata are exposed; and 
it is very probable that all the fundamental granites of Arizona 
are pre-Cambrian. Their stratigraphic characteristics have 
never been thoroughly studied There is, in some exposures, 
a suggestion of similar history to the outcrops of Archcan type 
in Texas, Indian Territory, Arkansas and Lake Superior, but 
other facts seem to militate against this hypothesis. The doubt 
can easily be dispelled by more detailed study. 

2 Schists, Slates and Slaty Shales 

There are, possibly, rude lines of separation between the 
schists, slates and slaty shales, and our present inability to clas- 
sify them is probably due to the imperfect state of our knowl- 
edge only. Whether any portion of the schists is pre-Oam- 
hrian I am not prepared to decide, nor can it be confidently 
stated where the Cambrian strata run out at the top of the sec- 
tion. Such facts as are accessible strongly indicate a complex 
stratigraphy, with a certain thickness of schistose members, of 
possibly pre-Cambnan date, overlain conformably by Cambrian 
slates, and these again covered conformably by Silurian mem- 
bers, largely shaly. This is a confessedly rough classification, 
and designedly so. Such study as I have been able to give the 
matter has led to the conclusion that further complications by 
shore-lines and local deposition have made generalization very 
unsafe without the comparison of many sections and the col- 
lection of a vast array of evidence from all parts of the Terri- 
tory. 
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The structure, in the main, comports so well with that of the 
better-known regions beyond, that we may well hesitate to ac- 
cept as final the orographic limitations of the preceding por- 
tion of this paper. There may be evidences of disturbance 
prior to the close of the Paleozoic age, but such efieets have 
not been recognized as yet by those who have investigated 
chiofiy for economical purposes. 

(«.) The Pre-Qambnan (?) Schists.— The schistose series is 
well exposed m northwestern Arizona, in Mohave co , with 
E.-W. strike, tilted at high angles. Very similar exposures 
occur in other districts, as near Oracle and Mammoth, in Pinal 
CO.; in tracts m Pima co., and in portions of Yuma co. In 
G-raham and Cochise cos., and, to a less extent, in Gila co , 
with occasional outcrops near the adjoining boundary of Mari- 
copa and Yavapai cos., the same trend is prominent. Erosion 
has exposed portions of the same terrane, thrown into the 
NE.-S'W’ trend, in limited areas in Graham and Yavapai cos., 
and, possibly, in the northeast portion of Yuma co 

There is nothing to be mentioned concerning these rocks 
which would distinguish them from similar exposures in other 
parts of the world. A strong expression of chloritic type is 
noticeable, with abundant quartz seams and bosses Dioritic 
intrusions, or thick interbedded layers, are somewhat fre- 
quent Crumplings, contortions and plications are locally 
numerous. 

The quartz-veins in these schistose rocks are apparently not 
as important as those in later formations ; but this remark is 
“ subject to revision.” The instances of successful mining in 
the schist belts are few ; but this may be partly due to their 
structural features Such cases as are known to the writer in- 
dicate for the veins a later origin than that of the first vein- 
series, but there are also some facts which require farther in- 
vestigation, and these may eventually cause a change of opinion 
to some extent. Year and south of Oracle, some E.-W. veins 


Professoi Wm P Blake announces the synopsis of a paper to be read before 
the Cordilleian Section of the Geological Society of America, at the San Fran- 
cisco meeting in December, 1900 From this I am led to infer that he has some 
mteiesting announcement to make regarding a nud-Silurian or post-Silurian 
uplift His long term of study of Arizona geology eminently qualifies him to 
speak undeistandingly on these topics 
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outcrop, whiciL yield a fair amount of gold, but they have never 
been worked extensively. 

The minerals which belong to the schists are, perhaps, more 
numerous than we now know. G-arnets, small and large, have 
been picked and washed from the sands in the larger river val- 
leys, m regions where these rocks outcrop. In quartz expo- 
sures at the northern base of the Santa Catalina range, south- 
west of Oracle, tourmaline crystals are abundant. It is possible 
that some of the wolframite of j4.rizona is similarly placed. 
Cyanite schist is common in some localities, especially west- 
ward. In the southeastern part of Santa Cruz co., near Wash- 
ington Camp, large dikes of a mineral allied to sahlite appear 
to follow the ISTE.-SW. trend. Their relations to the early 
schists are, however, not evidenced Asbestos has been re- 
ported from the Grand Canon region. Serpentine occurs in 
places 

We do not now know the upper and lower limits of the schist 
group, and cannot safely define the period which these strata 
represent. The designation at the head of this section is, per- 
haps, as good a guess as any. 

(&.) The Cambrian (?) Slates — It is a rough classification 
which assumes to separate these slates from the schists, on the 
one hand, and from the partially metamorphosed shales on the 
other. In so doing, the intent is merely to recognize an ap- 
parent natural grouping which may have more or less of chron- 
ologic significance. The slates are not unique, and little need 
he said of their characteristics, except that they are usually 
much broken and variable to a considerable extent in texture 
The exposures are along the edges of the schist outcrops, as de- 
fined in the preceding section. 

Some of the gold-veins have slaty eountry-rock. Probably 
some of the garnets came from this formation, and there may 
he other important minerals, but the present writer has no 
knowledge of them in place — ^unless the marbles belong here, 
which is doubtful. These occur in many localities, although 
trade conditions have not yet made possible a successful in- 
dustry, except in a limited way. Bast of Tucson (a little north), 
in the rough country between the Eincon and Santa Catalina 
ranges, some valuable deposits have been utilized somewhat 
for monumental purposes. They vary in color, and fair-sized 
blocks can be quarried. 
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As to tlie question of the age of these rocks, the remarks 
already made under the last head apply here, with simple 
change of lithologic terms. 

(c.) The Slaty Shales .— transition from the slates to what 
we may be justified in legardmg as true Silurian strata, is 
through an ill-defined series of shaly slates and slaty shales, 
which have not had much independent study. In these are 
many of the veins of the Prescott and other regions, and the 
quartz reefs hereinbefore described are largely associated with 
this group. They may or may not contain indigenous minerals 
of economic value, and they may include some suh-Silurian 
members, but on this last point we know little as yet. 

3. The Silurian Strata. 

The exposures of known Silurian terranes are not as abun- 
dant as one might expect from the extensive erosion over the 
Territory ; for the faulting, lava-flows and detrital deposition 
have together been very effective in obscuring the stratigraphy, 
and erosion itself has obliterated its due share of the record. 
Perhaps there are more outcrops than we now recognize as true 
Silurian, but they are scattered and confusing, making correla- 
tion difficult without more study than has been possible thus 
far to workers in the field. The Grand Canon section affords 
good exposures; and there is an interrupted belt, outcropping 
near Jerome and at other points in the Yerde valley, and south- 
ward, at intervals, along the course of the Aqua Prio. In 
southern Arizona, and probably in a portion of northwestern 
Arizona, there are more or less isolated exposures of these 
strata, due largely to erosion or to structural features. In the 
Santa Rita and "Whetstone ranges and intervening country, in 
Pima and Cochise cos., and probably in the Chincahua and 
other ranges in Cochise co., ^ there are good exposures, although 
but little work has been done in classifying the strata. The 
results of boring in Yuma and Maricopa cos are less certain, 
but they give hints of buried strata of this period in much 
wider areas. 

(a.) Minerals — ^It is not now possible to separate accurately 
the Silurian strata or to catalogue completely their mineral 

' These ranges I have studied, and have seen in them outcrops which appear 
to me to be Silurian 
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contents. Some salt-beds in the Grand Canon region are pre- 
sumably of this period. It may be that the remote source of 
the galenas of the veins was of this horizon, and perhaps the 
deep-seated indications of oil at Gila Bend are chronologically 
similar. Some of the limestones of this period may have 
qualifications as hydraulic cements. It is barely possible that 
the marbles referred to on a preceding page may belong here. 

4 . The Cttrboynferous Strata. 

Passing by the Devonian rocks, concerning which the present 
writer, at least, cannot presume to say whether they are rep- 
resented in the section under consideration, we come to the 
Carboniferous limestones, which are much in evidence over 
wide areas They are especially prominent west of the great 
“ Rim ’’-fault, and particularly in the Huachuca mts and other 
ranges in southern Arizona. In western A.rizona they are 
less conspicuous, but show many scattered outcrops. The sys- 
tem has great thickness, but has never been worked out in 
detail Further south, in Mexico, the rocks of this period are 
less isolated. The Coal-Measures are represented by a great 
thickness of strata in Arizona, but the orographic movements 
to which they have been subjected have materially altered their 
original texture m very many instances. But few cases of 
moderate dip are known to the writer, and these are of limited 
extent. A continuous section of connected exposures cannot 
be had from bottom to top of the series, but the various patches 
may usually he correlated by the fossiliferous beds or the coaly 
layers 

(«.) Minerals . — The work heretofore done in this group has 
been very largely economic. Extensive and possibly valuable 
coal-deposits on the San Carlos (White Mountain) Indian Reser- 
vation have been, by reason of their location, inaccessible to 
private enterprises Engineers of the Southern Pacific R. R. 
Co. have conducted explorations, including some borings in 
districts east and south of this tract, with results which are not 
known to the public, hut are reasonably supposed to have been 
unsatisfactory. South of Bowie, in Cochise eo., and in the 
Whetstone mountains farther east, the writer has examined 
coal-outcrops. There is much divergence in the quality of sam- 
ples from difterent localities and still more in comparison with 
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samples taken from exposures m Sonora. The material near 
Bowie, in the Chiricahua mountains, is squeezed and crumpled 
in a fault-line, and has thus become partly altered to graphite, 
although it can he burned to some extent, with a yellow flame, 
in a fire previously under way. In the Whetstone mountains 
considerable beds of bituminous shale show almost a “ coal 
blossom.” hTo development has been made there The San 
Carlos coal appears to he of better quality, and might he of eco- 
nomic value. Some of the Sonora coal is reputed to he ser- 
viceable, having more the character of anthracite. In the 
neighborhood of most of the Arizona outcrops there has been 
more volcanic activity than is compatible with the finding of 
unaltered bituminous coal. 

Limestones suitable for the manufacture of quicklime are 
more or less abundant in many localities. Beds adapted for 
use as flux in smelting are to he obtained in many districts, and 
many of the best ores of copper and lead are closely associated 
with such terranes. Some huilding-stones may he included in 
the series, but, as yet, these have not been employed to any ex- 
tent beyond the requirements of the railroads for abutments 
and foundations and for reservoir-dams 

Some beds of hematite, associated with copper carbonates 
and oxides in iiiterbedded deposits, occur at Planet, on Bill 
Williams Pork, near the boundary between Yuma and Mo- 
have counties. 

In the Squaw Peak district, east of Mayer, occurs an inter- 
esting senes of variegated dolomites, locally termed “ litho- 
graphic stone.” Some of these have been employed success- 
fully in practical lithographic tests on a small scale. The 
markings are very curious and the tints are often attractive 
They will probably be utilized as decorative stones in archi- 
tectural work when they have been properly introduced to the 
trade.* 

5. The Strata of the Jura-Trias. 

The main field of post-Carboniferous outcrops lies east of the 
“Rim ’’-fault, or great central axis of disturbance. Exposures 
west of this line are very few and insignificant, G-ood sections 


■* Prof. J P Blandy, of Prescott, has contributed a valuable article on this 
“lithographic stone” to the JV Y Eng, and Mw Jmmal 
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occur in the Yerde valley and its side canons, and there are ex- 
cellent examples over much of northwestern Arizona. 

The Jura-Trias strata are especially marked hy the presence 
of the hrick-red sandstones. The dip is usually moderate, and 
the greater portion of the existing remnants of this series is 
protected hy cappings of more durable calcareous beds of later 
origin. Apparently this complex group thins out before reach- 
ing the southern portion of the Territory, although there are 
occasional exposures of red sandstones, which appear to be 
much more recent, in the canon of the San Pedro and other 
tributaries of the Gila 

At Flagstaff, and to some extent elsewhere, very serviceable 
building-stones are quarried, varying in tint from pink to drab, 
according to the relative proportion of ferric oxide in the sand- 
rock Attempts were made to utilize similar materials near 
Eock Butte Station, in Yavapai co , but being directly on a 
fault-course, the strata were too much broken to yield suitable 
prisms Much of the rock was, however, successfully employed 
in railroad work, requiring only rough masses of irregular di- 
mensions. 

The limestones are not much used, except, possibly, for 
burning to lime in one or two localities. Some gypsum has 
been mined in Pima co , east of Tucson, and other deposits are 
known in the northeast There may be remnants of the same 
strata in limited areas in northwestern Arizona, since gypsum 
beds appear in l^evada, not far west of the Colorado river. 

6. The Cretaceous Strata. 

Without more study, it is about as difficult to define the 
upper limits of the Cretaceous as to separate the basal strata 
from those of the preceding period. Yery instructive sections 
occur along the San Pedro river, in the upper Gila valley, and 
elsewhere From these it appears that much of the Cretaceous 
area of deposition was not submerged during later epochs. 
Apart from the possible use of limestone for quicklime and for 
building, there is not much material of economic importance 
in this series of strata. 

Y. Tertiary and Later Strata. 

The Tertiary volcanics have obscured much of the sedimen- 



THl GEOLO&Y AND VEIN-PHENOMENA OE AKIZONA. 109'J 


tary terranes, and the study of the later rocks has been but 
desultory Fo attempt to classify them will be made here, but 
some very general remarks may not be amiss Undoubtedly 
there are remnants of strata more recent than the Cretaceous, 
and probably large areas are exposed at the surface over the 
southwest part of the Territory. There is also some reason to 
infer that these extended more or less connectedly up into the 
Colorado river valley in western Arizona, if not northward as 
far as has been supposed by some oil-seekers in Mohave co 
Detrital deposits of enormous thickness occupy large areas, 
and with these are somewhat confusedly intermingled very con- 
siderable patches of fragmentary material of local origin In 
some cases these last are more or less entangled with the vol- 
canic outflows, particularly those of the Crater-period. 

(a.) Minerals — The mineral contents of the accumulations of 
post-Cretaceous and recent date have not been exploited ex- 
tensively. In many localities, auriferous gravels are sufficiently 
abiuidant and valuable to justify the application of modern 
methods on the large scale, hut these are not always in districts 
well supplied with water The Greaterville tract, in Pima co. ; 
the Weaver, Oro Pino, Aqua Frio and other districts, in Yava- 
pai co., and the Colorado river bed, at least from the lower por- 
tion of the G-rand Canon, near Scanlon’s ferry, practically down 
to the Pacific Ocean, are notable examples of pay-gravels. The 
first and second named are deficient in water, and have been 
to some extent depleted by the crude methods of hand-picking 
and “ dry-washing ” The other cases here cited are not lack- 
ing ill water ; but, as a rule, liability to floods limits the range 
of appliances adapted to their successful working. But in 
most instances the want of ample capital has been the chief 
source of failure to reap adequate reward in the past. French 
capital has been liberally expended in dams, heavy pipe-lines, 
pumping and current-acting machinery, at Temple Bar, a few 
miles above Bonelli’s ferry, between the Grand and Black canons 
of the Colorado. The results are not publicly known , but the 
company has not been actively working for some months past. 
A Denver firm has recently launched the Alliance Gold Dredg- 
ing Company to work placer-deposits on the lower reach of the 
Colorado, between Yeedles (Cal.) and Yuma. There are many 
similar deposits in various parts of the Territory , and a profit- 
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able industry may yet grow out of this class of mineral re- 
sources. 

The possibility of developing a limited oil-field in western 
Arizona is within reason, but that is not by any means an 
alluring hope. Petroleum occurs in California in^ terranes 
ranging from Eocene to Quaternary Perhaps Arizona has 
rocks enough of these epochs, so situated as to afiord re- 
stricted oil-hearmg tracts, hut this is uncertain IsTatural gas 
exudes at places in the lower Colorado river valley, where 
strata of these periods are most likely to occur; hut no de- 
velopments have yet been made which settle the doubt 
whether the gas may not be a product of still more recent 
origin. 

The so-called “ Mexican onyx,” in reality a calcareous tufa 
ill some of its exposures, and, possibly, a marble of much 
earlier date in other instances, will one day form a very im- 
portant part of Arizona’s mineral output. At Mayer, Yavapai 
CO , are the Big Bug quarries, which present the material in 
fair position for economic handling and in great variety of 
tints and markings * Yery satisfactory exposures near G-reat- 
erville, in the Santa Pita mountains, Pima co., and elsewhere 
in the same general region, have attracted some attention. 

The volcanic conglomerate or breccia, which forms the floor 
of the Mayer deposit, is not as clearly evident near Greater- 
ville, hut the general conditions make it probable that the 
origin was similar In the latter case, the mass was discov- 
ered in a tunnel cut through coarse fluviatile gravel (or, pos- 
sibly, a remnant of volcanic dibns'), and the tufa appears to be 
formed m a line of contact with porphyry, or in an old frac- 
ture in the lava. There are many good exposures of the vol- 
canic fragmental rocks in the canons of the Gila region, and 
it is possible that more of the tufaceous “onyx” will he dis- 
covered. 

Interesting hot springs occur in situations indicating close 
relation to comparately recent volcanic action. The best-known 
examples are the medicinal springs in the Bradshaw mountains, 
north of the line between Yavapai and Maricopa cos.; the 
Agua Caliente, on the Gila, in Yuma co., and the Hooker hot 

* Prof Blandy described the Big Bug (Mayer) quarry in the Eng and Min 
Journal, March 26, 1892, and further reference was made to it in Mineral Industry, 
Tol 1 , 1892, p 359. 
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springs, nortliwest of "Wilcox, at the north edge of Cochise co. 
Sulphur-springs are somewhat abundant, being apparently dis- 
posed with reference to volcanic influences, but not according 
to any system as yet recognized. 

There are other minerals which may at some time support 
special industries. Under the general term kaolin, we may 
here include a considerable variety of disintegrated feldspathic 
and other deposits, which have been reported from many locali- 
ties. In the Longfellow mine, near Clifton, G-raham co., this 
mineral forms the wall of the vein, and, mixed with two parts 
of sand, is used as a refractory material in furnace-work * A 
similar deposit of great width accompanies the vein in parts of 
the Jersey Lily mine, Yavapai co., and the same feature, with 
uncertain relations, is strongly evident in several of the claims 
of the Consolidated group, lying parallel with the Jersey Lily. 
In this district (where the writer is at work) some interesting 
observations have been made in connection with the kaoliniza- 
tion, but safe conclusions cannot be drawn from them without 
more extensive development. The same efi’ect has been pro- 
duced largely in portions of the Elkhart and other mines in 
Mohave co., but the conditions appear to have been different 
there. While I was Director of the School of Mines, at Tuc- 
son, some samples of very excellent white kaolin were sent to 
me from different parts of the Territory With the foregoing 
local deposits of porcelain-clays are to be mentioned abundant 
accumulations of clays suitable for brick-making, adobe mate- 
rials and the like. A good quality of white (buff') brick is now 
manufactured at Winslow, Uavajo co., and excellent red brick 
is produced at Phcenix, Tucson, Yuma, Prescott, Flagstaff, 
Kingman and other towns. 

The volcanic layers furnish material suitable for railroad use 
as track-ballast, and for road-metal. Silicified wood, from the 
“petrified forest” of Kavajo co., has become an article of com- 
merce to some extent 

Mnm has been reported.f Some very good specimens of 
artificially crystallized soluble salts have, at times, been sent to 
mineralogists as samples of available commercial minerals ; and 
other efforts to deceive the unwary have been exposed. 

* Mineral Industry, vol ii , 1893, p 204 

t Mmei al Industry f vol u., p 5 
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secretakt’s note. 


Secretary’s IIote. 

Bj reason of unavoidable delays m the preparation, printing 
and final correction of the following papers, they have been set 
over to Yol. XXXI. 

Biographical Xotice of Thomas Egleston, Ph.D., LL D., by 
George E. Xunz, Xew York City. 

Eemarks on Mine-Surveying Instruments, with Special Refer- 
ence to Mr Dunbar D. Scott’s Paper on their Evolution, and 
its Discussion, by H. D. Hoskold, Inspector General of Mines 
of the Argentine Republic, Buenos Aires, S. A. 

Xotes on Mine-Surveying Instruments, with Special Refer- 
ence to Mr. Dunbar D. Scott’s Paper on their Evolution, and 
its Discussion, by Benjamin Smith Lyman, Philadelphia, Pa 

With regard to the two papers last-named, it may be added, 
that they will be contained, with others upon the same subject, 
in a special volume upon the Evolution of Mine-Surveying In- 
struments, to be issued at an early date, and before the publi- 
cation of Vol. XXXI . — R W. R 



DISCFSSIOI^S, 




The Evolution of Mine-Surveying Instruments. 

Continued Discussion of the Paper of Dunbar D Scott, presented at the 
Buffalo Meeting, October, 1898 (See Turns , xxviii , 679 ) 

Seoretaet’s ISTote. 

This continued discussion will be found at p. 783 of this 
volume, and in the paper of Mr. Davis, hegimiing on p. 803. 
Further papers on the subject by Mr H. D Hoskold, Inspector 
G-eneral of the Argentine Republic, Buenos Aires, Mr. B 8. 
Lyman, Philadelphia, Pa , Mr J. H. Harden, Phosnixville, Pa., 
and Mr Scott, the author of the original paper, will be pub- 
lished in Yol XXXL 


Coal-Outcrops. 

Discussion of the Papei of Charles Catlett, Staunton, Va (See p. 559 ) 

Beverley 8. Randolph, Frosthurg, Md. (commumeation to 
the Secretary) It has always appeared to me that each coal- 
seam has its peculiar character or habit, due to the conditions 
of its formation, by virtue of which it is either persistent or 
variable in its section over extended areas. One seam will hold 
its thickness, chemical character, number and position of part- 
ings, beds of slate, etc , over a large area, while another will 
be found to vary in some of these characteristics every few 
feet. 

As the position of the outcrop is an accident of the topog- 
raphy, depending on folding and erosion which have taken 
place since the bed was formed, no one opening in the outcrop, 
or, in fact, anywhere else, can supply reliable evidence as to 
the general character of the seam. 

To determine the character of an nntried seam, a number of 
sections are necessary from widely separated points, in order 
to show such variations as may exist Should material varia- 
tions he developed, more numerous sections are necessary, in 



1106 


COAL-OUTCKOPS. 


proportion to the extent and character of these variations. 
These can usually be most cheaply obtained by excavations in 
the outcrop. 

"While such outcrop-sections are valuable in determining the 
habit of the seam, I do not consider them safe data on which 
to base important dednctions, since they are always more or 
less aifected by weathering and the percolation of surface- 
waters, and it would scarcely seem possible to determine what 
was originally in the section by what remains after such 
action. A reasonable amount of development under cover 
would appear to be necessary in order to determine what 
changes obtain in the outcrop of each seam. 

As illustrating this, I have now in mind a property in West 
Virginia, consisting of several thousand acres, on which some 
twenty-odd openings had been made in the outcrop. These 
were driven in until the roof showed solid and in place All 
of them exposed (within a few inches) the same thickness of 
coal , and about 80 in. from the door a small slate bed was 
uniformly present, being in one place about 2 in. thick, but 
usually less than half an inch. 

As these openings were well distributed over the property, 
this was a most encouraging showing. But when this seam 
was developed under cover, the small bed of slate increased 
to about 18 in. in thickness, persistent over the whole prop- 
erty, while numerous smaller and less persistent beds, which 
did not show in the outcrop-openings, were found in other 
parts of the seam, materially affecting its value. 

It appeared as though the action of the surface-water had 
leached out these slate-heds at the outcrop, leaving the coal 
clean. 

Mr. Catlett Mr Randolph certainly describes a very inter- 
esting ease of uniform irregulanty m a coal-seam, the outcrop 
being so uniform in certain respects, and the seam, as devel- 
oped, being so uniform in certain other respects. It well illus- 
trates the irregularities which may occur in coal seams, and 
which may almost be said to be characteristic of their mode 
of formation. 

I would be interested to know, however, whether the changes 
to which he refers took place within 60 or 75 feet of the out- 
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crop If not, it IS doubtful wbetber tbey should be attributed 
in any way to the action of surface-agencies, and not rather to 
the original formation of the coal in a basin 

Mr Randolph . The property in question lies at the end of 
the basin, where the measures are rising to the surface along 
the line of the axis. I saw two openings which had been 
driven in far enough to develop the full thickness of the slate 
mentioned In each case the thickness gradually increased, 
attaining the normal dimension of about 18 inches some 50 to 
76 feet from the point where the tunnelling began. 

One of these openings was situated near the axis and the 
other about a mile from it. The property has been quite ex- 
tensively worked since, and while I have not had an opportu- 
nity of observing it personally, the statements of several persons 
who are familiar with the workings agree in indicating that 
the slate bed is uniformly present, as stated. 

0 SoiioLz, Mammoth, W. Ya. (communication to the Sec- 
retary) Mr. Catlett’s paper calls attention to facts not as well 
known to the geologist as they deserve to be. In view of the 
constantly increasing value of coal-property, it is obvious that 
the engineer entrusted with the determination of the value of 
such lands should be in possession of all information bearing 
on this subject. While, in well-defined coal-measures, “mine- 
saltiiig ” cannot be practiced, as in metal-mining, yet there are 
ways in which the prospector can make the result of his work 
so appear as to favor the interest he represents. 

Ror instance, after careful observation I have concluded that 
where a tract of land is badly cut up by deep branches and 
ravines, the thinnest and poorest coal (constituting the lowest 
part of the bed) will usually be found under the long and narrow 
points, and the best and highest coal under the more compact 
ground. Ry keeping this fact in mind, a fair idea can be 
formed as to the general condition of the seam from its outside 
appearance. The coal under the points is also usually dis- 
colored and of a dry character, making a very dead and inferior 
fuel. 

Since the coal was formed long before tlie valleys, no expla- 
nation of this difference can be sought in original conditions ; 

VOL, XXX — 68 
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and we must ascribe it largely to two causes • first, that por- 
tions of a soft coal-seam having the greatest thickness gave 
better opportunities to erosion (as is shown by the fact that the 
wider benches follow the outcrops of the thicker seams), so that 
we must believe that, in such cases, a portion of the most 
valuable coal has been swept away, and secondly, that the 
pressure of other strata has had more or less to do with the 
compression and displacement of the coal in smaller areas and 
narrow strips — when the coal, perhaps, had not reached its 
present degree of hardness The result is shown in Tig 3 of 
Mr Catlett’s paper 

It follows that for the owner of the land, who wishes to show 
it off to the best advantage, the most desirable location for an 
opening is usually near the head of a drain or valley, where 
the strata appear to be in position ; the crop-dip will not afiect 
the thickness of the seam as much there as it would on the 
point of a mountain, for the reasons given above. 

This crop-dip affects to some extent the thickness of the 
coal on the outcrop hue , and it is necessary to study the con- 
ditions of every seam, before definite conclusions can be formed 
as to how the seam will open up For instance, where a rock- 
roof is found, or there is but little slate or fire-clay between the 
coal and the sandstone above, but a considerable thickness of 
slaty strata below the coal, we may expect to find the coal to 
increase as it is driven upon, since the more plastic slates have 
been swelled by the action of the atmosphere, causing, together 
with the pressure from beneath, a compression of the coal on 
the outcrop; hut where the floor and roof are of about the 
same material and thickness, it is not likely that the coal has 
been thus afiected. By keeping this condition in mind, pretty 
close estimates can be made by “ facing-up the coal,” without 
driving under rock-roof for any great distance. I do not know 
of any certain and general rules, but believe that practical ex- 
perience IS m this matter the best instructor. 

Where lands of higher valuation are concerned, it is well to 
test with the diamond-drill the persistency of coal-seams estab- 
lished by crop-openings. This method leaves no room for 
doubt. Moreover, the drill-cores, besides giving information 
as to the character of the deposits above the coal, may he useful 
in establishing the most suitable system of mining, and in fur- 
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nishing material for analysis, wMch is of special importance m 
tlie case of coking-coals. 

In drilling for a seam, whick was found about 150 ft. below 
the water-level, tbe drill penetrated, at only about 10 ft. below 
tbe surface, tbe Cedar Grove seam, well-known in tbe Kanawha 
valley, which usually has a thickness of 36 to 39 in , but showed 
in this case 4 ft 8 in Additional drilling proved that a con- 
siderable territory was underlain by 5 ft. of coal, where only 3 
ft was expected — ^the last opening above water-level, only half 
a mile away, having shown a section of 36 in. 

The mistakes of prospectors have their humorous side. I 
recall an occasion when, in one of the back counties of "West 
Virginia, I came to a mine from which the farmers of the 
vicinity obtained their winter coal, and found the mouth 
securely nailed up with boards. That night a man came to my 
camp and, after some cautious inquiries, produced from careful 
wrappings a ball of glittering “ sulphur.” He was the owner 
of the mine we had passed during the day, and only with 
great difficulty could I persuade him that his “ find ” of pyrites 
was not valuable. 

During the same trip, I stayed over night at a farm-house on 
a ridge about 800 ft above the Little Kanawha river and found 
the owner engaged in laboriously hauling his supply of coal 
for the winter from an opening near the foot of the mountain. 
On the following morning, I found that the large bench behind 
his house was on the horizon of the Upper Freeport coal ; and 
an opening showed this seam to crop out more than 4 ft thick, 
only a few feet from his coal-shed 


A Method for Obtaining the Volume of Small Drifts 
and Working-Places, Where it is Impossible 
to Use a Transit. 

Discussion of the Paper of G S Herzig, Virginia, Minn (See p 778 ) 

Fred. T Greene, Rossland, B C. (communication to the 
Secretary) At the beginning of his paper, Mr. Herzig refers 
to an article of mine in the Engineering and Mining Journal of 
January 27, 1900. I would like to add that the method de- 
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scribed in that article was afterwards used to find tie amount 
of ground “ in place,'’ broken down by each successive blast, 
with the object of getting data upon wMcb a fair scale of con- 
tract-prices could be based. To attain this end, the method de- 
scribed in the article was used with very slight modifications. 
The work had to be done so as not to stop the machine-dnlls 
or interfere in any way with the men employed in the stope. 
Each machine had to be visited as soon after blasting as the 
mass broken down could be cleared away, and as there were 


Fig 1 



nine workings (one with three machines, three with two, and 
five with one), the amount of time available for measurements 
in each place was necessarily small. Eig. 1 is a plan, and Fig. 
2 a vertical cross-section, of one of the working-places where 
one machine was at work, breaking the ground doivii from the 
back of the stope, which was floored as shown in Fig. 2. A 
wooden plug pierced longitudinally with a hole | in in diame- 
ter was put in the hanging-wall at a convenient point, A, and a 
rod AB, of f-in. round steel, with one end bent to an eye, was 
inserted in this plug. From B, a string BX (Fig. 1), knotted 
at every two feet, was stretched horizontally, parallel to the 
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hanging-wall. At B, and at each knot {k,, k,, k,, etc.), cross- 
sections, at right-angles to BX, were taken in vertical planes at 
1-1, 2-2, etc. (Fig 2), by stretching the tape from B, or from 
the a]ipropriate knot, to points of change of contour, such as 
c, d, e, /, g, h, i and k; and determining the angle from the hori- 
zontal by means of a very light pendulum-clinometer, clamped 


Fig. 2 



Veitical Cross-Section through. AB (Fig 1) 


to the tape. The tape-distance and vertical angle to each 
point, when plotted, gave a very accurate eross-section at each 
knot. A reference line, L M, Fig. 2, having been chosen, the 
areas of the several cross-sections were ascertained with a 
planimeter. These gave the ends of a series of prismoids, 
from which the cubic volumes could be readily figured. In the 
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cross-section shown in Fig. 2, the contours were first taken on 
January 5th, to get an outline, c, e,f, g, h, i, k, from which to 
start. The next contour, 7i, o, j?, r, s, t, v, was taken January 
8th, and the increase in area of each cross-section furnished the 
basis thr calculating the volume broken down. 

An accurate record was kept of the time occupied in dull- 
ing, blasting and delays, as well as an account of all supplies, 
powder, etc , consumed at each working-place. From this in- 
formation there was calculated a scale of prices, for each char- 
acter of working-place, covering every condition likely to be 
encountered at that place, and to affect the fair operation of the 
contract-system. In the stope shown in my article cited by 
Mr. Herzig, we had a very good check on the accuracy of the 
method. That particular stope, according to the office-records, 
produced 11,184 tons; and our cross-sectioning showed 10,867 
tons , an error of 2.16 per cent In this case, however, the ac- 
curacy of the method depended more on the care taken in de- 
termining the specific gravity of the ore than on the survey 
itself. If the ore had been homogeneous throughout, there 
would have been little difficulty under this head, hut a great 
many experiments had to he conducted, with pieces of ore as 
large as jDossible, in order to obtain the average niimher of cub. 
ft per ton of ore. The number obtained in this case was 8 85, 
corresponding to a specific gravity of 4.05, while from the 
analysis of the ore the specific gravity obtained was 3.97, in- 
dicating that the factor should he 9.04 cub. ft per ton. The 
mean of these two factors, 8 96, was used in obtaining the 
above result, showing only about 2 per cent of error 


A New Method for Working Deep Coal-Beds. 

Discussion of the Paper of H M Chance, Philadelphia, Pa (See p 285 ) 

W, S. (jRESLBY, Brie, Pa. (communication to the Secretary) : 
A six-entry method of opening coal-mines is, or was a short 
time ago, practiced m the Connellsville coal-region; bnt Dr. 
Chance’s method has a novel aspect, for while in the Connclls- 
«rille region the mam pillars are formed outside of two pairs 
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of main headings, with a single entry driven along the outer 
sides of the main pillars and near to the rooms (see Fig. 1), 
Dr. Chancels plan provides the main pillars beyond or outside 
the six entries, which would seem to he the better plan. In 
the Pittsburgh region the air-courses flanking the mam haulage- 
way and travelling-way are frequently driven of the width of 

Fig 1 


Booms Woiied 



Four-Entry System, Pittsburgh. Eegion 


an ordinary room or hreast, as suggested hy Dr. Chance, in 
this case practically making a four-entry system for the main 
roads. 

It is suggested, for the sake of economy, that the entries" or 
gangways should he driven as narrow as possible. In some 
of the deepest coal-mines in England, the weight or pressure 
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OH Harrow clriA’ings in coal is so great that they cannot be 
maiiitamed except at great expense. This is especially the 
case where the eoal-veins worked are thin, and a considerable 
quantity of material must he removed from the roof or floor 
to give sufficient headroom on the mam entries Wlieii this 
condition prevails, or ■when the coal worked contains a con- 
siderahle quantity of slate or rock, it is found that the open- 
ings can, be driven and maintained more cheaply hy giving to 
the headings a width considerably in excess of the actual re- 
quirements, and filling the space on one or both sides of^ the 
entry with closely packed gob, thus providing for such slight 
subsidence or squeeze as may occur, so that after a short time 
they become settled and require but trifling repairs More- 
over, by this method stowage-room is aecnied for waste In 
lifova Scotia, I believe it has been found better to take out 
several yards of coal on the dip-side of entries driven at great 
depths (1900 feet ?) and to stow the excavation witli debris, in 
order to mamtaiu good roadways in the seams. I am there- 
fore of the opinion that while, under ordinary conditions, as 
depth increases, the narrower the gangways and headings are 
made, the better, yet it may be, in some instances, a question 
of conditions as to whether gangways and. headings in deep 
mines should be driven wide or narrow, in order to insure 
the least cost of maintenance A case occurred some years 
ago in a deep colliery in Scotland where, in order to maintain 
the entries or levels in a pitching seam, several yards of floor 
had to be excavated and replaced by rubbish, stowed, in fact, 
all along the gangway. 

In foreign countries, where many of the coal-nnnes are get- 
ting very deep, the room- and iiillar-systems are gradually, if 
not quickly, being abandoned in favor of the long-wall method, 
this being chiefly necessary, I believe, on account of the im- 
practicability of keeping open the headings driven in the coal. 

0. K Glag-horn, Tintondale, Pa (commumcation to the 
Secretary) . I would like to inquire why the method proposed 
in Dr. Chance's interesting paper is limited by his title to 

deep eoal'heds. 

It seems to me equally applicable to almost any bed where 
pillar-and-stall working is admissible I may add that I re- 
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cently visited some pits in the north of England where a some- 
what similar system of laying out woik for ventilating pur- 
poses is 111 use As regards very deep seams, I should think 
that the thickness and character of coal and nature of roof 
would have a material bearing upon the system to he employed. 
In the midland counties of England, pillar-and-stall work is 
not generally considered admissible under very heavy cover, 
since it would be impossible in such cases to maintain even 
narrow headings without constant repair, or to drive even nar- 
row stalls with the expectation of their standing sufficiently 
long to permit the exti action of the pillar Long-wall is there- 
fore generally considered preferable to pillar-and-stall m these 
very deep seams, though post-and-stall is sometimes used in 
thick coals. 

Any system which will enlarge the territory tributary to a 
colliery by facilitating ventilation, haulage, etc., is worthy of 
consideration ; and I should say that Dr Chance’s method 
would be as applicable to coal-seams at light and moderate 
depths as to deep seams, and that the limitation in title is, there- 
fore, misleading, especially as, in very deep seams, pillar-and- 
stall work might not be admissible at all. 

Dr. Chance (communication to the Secretary) I agree en- 
tirely with Messrs Gresley and Glaghoru regarding the advan- 
tages of long-wall for very deep workings in small or dirty beds 
of coal ; but the system described can be used m opening coal 
for long-wall work as well as for any other method of working. 
Mr. Claghorn rightly criticises the title of the paper as mis- 
leading, since the method is as well adapted to comparatively 
shallow workings as to deep workings. The writer was uncon- 
sciously led into this error, because the system was originallj" 
devised by him to meet the req^uirements of deep and gaseous 
ivorkings. But it may also be used profitably in shallow^ work- 
ings free from gas 

Kegarding the British instance, quoted by Mr. Gresley, where 
entries are driven very wude and the sides are filled with rock 
taken from roof or floor, the writer may observe that, at a large 
anthracite property in Pennsylvania with which he is profes- 
sionallj’’ connected, a thin bed of coal is now successfully 
worked in this way. 
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The Clealum Iron-Ores, Washington. 


Discussion of the Paper of George Otis Smith and Bailey Willis, Washington, 
D C (See p, 356 ) 

W. M Courtis, Detroit, Mich (communication to the Sec- 
retary) Having made a rapid examination of the deposits 
described in this paper, I am not inclined to generalize confi- 
dently concerning its geological relations But, since an 
analysis furnished by me has been included in the paper, it may 
be of further use to give the results of other samples and 
analyses 

I give, therefore, a table of analyses by difierent parties, 
showing the average from surface-specimens 


Analyses of Clealum Ores 




Denny Mine, Rich 
Ore Body, Courtis 
& Smith 

Clealum, Aveiage 
m Pit-bottom 
Monarch Mine, 
Courtis & Smith 

Denny Mme, Aver- 
age of 5 Samples, 
Courtis & Smith. 

Clealum, Average 
of 17 Samples 

Clealum, Average 
of 900 Ihs , Dr C 

F Chandler 

Sesqmoxide of iron 

Fe,0, 

55 370 

35 324 




Protoxide of iron 

FeO 

29 160 

21 887 




Alumina 

ALO, 

4 500 

20 376 



0 600 

Sesquioxide of chromium 

CrA 


1 929 




Manganese oxide . .. 

MnO 

1 362 




0 no 

Nickel and cohalt 

Ni , Co 






Titanic acid 

TA 




tiaces 


Lime . 

CaO 

7 660 

3 360 




Magnesia 

MgO 

0 265 

0 720 




Silica 

SA 

2 350 

8 950 



10 280 

Silver 


traces 

traces 




Gold 

Au 






Phosphoric acid 

PsOs 

0 001 

0142 


0102 

0 032 

Sulphur . i 

S 

0119 

0 130 



trace 

Excess or undetermined 


0 687 





Loss on Ignition 



6.700 



6 30 

Metallic iron 

' Fe 

61 425 

41.737 

64 879 

42.357 

55 080 

Phosplioius . 

! 

P 

0 0004 

0 062 

traces. 

0.044 

0.0139 
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Is 
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s 

O ^ 

^ a 
o ^ 

Is 



|ol 

I'Srt 

III! 

I'ss 



O 


o 


Sesqmoxide of non 

Fe,0, 





Protoxide of iron 

FeO 





Alumina 

AlA 


7 51 

0 84 


Sesquioxide of chiomium 



3 352 

1 33 


Mangane&e oxide 

MnO 


1 050 

traces 

0 431 

Nickel and cobalt 

Ni,Co 


0 93 



Titanic acid 

TiO, 




traces 

Lime . 

CaO 


0 740 



Magnesia 

1 MgO 


2 720 



Silica 

SA 


7 410 

6 07 

9 45 

Silver 

Gold 

Pliosplioiic acid 

An 

PA 

0 042 

0 080 


i 

’ 0 07 

Sulphur . 

0 035 

0 041 

none 

0 170 

Excess 01 undetermined 

Loss on Ignition 

Metallic iron 

Fe 

50 25 

51 11 

60 95 

1 

i 51 05 

Phosphoius 

P 

0 018 

0 036 

0 01 

1 0 03 


To give an idea of tlie range of tlie Clealum ores, I add from 
the data in my possession the results obtained by different par- 
ties. These do not include samiiles not really iron-ore 


Metallic Iron. 



Lowest 

Highest 


Per cent 

Per cent 

Di Biley, 

47.10 

55 35 

Moss Pay, 

43 20 

57 00 

Mr Bacon, 

31 90 

58 85 

Courtis & Smith, 

27 95 

62 40 


In taking ray samples, I did not include any very rich se- 
lected pieces. I have some that would equal the highest fig- 
ures above given ; but I tried to get at each point an average, 
so far as appearance could serve as a guide. 
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A Peculiar Siliceous Efflorescence upon Pig-Iron. 

Discus^Lon of tlie Papei of B F Faeketithal, Ji , Biegelsville, Pa (See p 524 ) 

Prop HuNBr M Howk, New York It is extremelj prob- 
ablti that tins efflorescence of silica is clue to the liquation 
either of siheon or of a silicide, and the subseciiieut oxidation 
of the silicon to silica As Mr. Faekenthal says, it is very 
hard to see why silicon should liquate from an iron containing 
so little silicon, and it seems more prohahle that some silicide 
of some volatile element has liquated, and has dissociated on 
reaching the air, and that the volatile element has volatili?!;cd, 
leaving the silicon to oxidize to silica 

The volatile elements present which might thus liquate in 
combination ivitli the silicon are sulphur, zinc, and lead 

It is hard to see why sulphide of silicon should have liquated 
from an iron containing so little of either sulphur or silicon. 

At first, one naturally thinks that either the zinc or the lead 
present in this furnace might have liquated as silicide. It is 
true that they are both volatile at the temperature within the 
furnace, but then the vapor-tension* of each of them within 

* The matter of vapor-tension may need a vord of explanation foi some of our 
members If theYalves of a steam-boiler be completely closed, so that none of 
the steam can escape, the water will continue evaporating until the steam reaches 
a certain definite fixed pressure , or, more accurately, until the quantity of steam 
in each cubic foot of space above the water reaches & definite amount coriespond- 
ing to equilibrium When this amount is leached, it completely restrains further 
evaporation (or, more strictly, from this point on, the evaporation is exactly equaled 
by the simultaneous condensation) This amount, known as the “ vapor-tension,’' 
varies with the temperature, but for given temperatuies is fixed 
IVCy idea is that in the blast-furnace the lead, for instance, would in like mannei 
exist, in part, in the form of vapor of metallic lead, and in part be alloyed with the 
molten cast-iron, the quantity of vapor of lead in each, cubic foot of space above 
the molten cast-iiou within the fnrnaee being great enougii to airest the fuither 
volatilization of lead, and so causmg part of the lead to remain in the liquid state 
in cast-iron, just as the presence of a suflacient amount of steam in each cubic 
foot of space above the water in the steam boiler prevents the fuither cvapoiation 
of the water But when the pig-iron runs out of the blast-furnace, it is now ex- 
posed not to the atmospheie of the turuace, assumed to be charged with vapor of 
lead or zinc, but to atmospheric aii And, just as the water m the steam-boiler 
wiU keep on evaporating indefinitely, if, by opemng a valve, we allow the steam to 
escape, so the lead contained in molten cast-iron wiU, according to my explanation, 
immediately evaporate so soon as the atmosphere immediately above it ceases to 
be charged with vapor of lead 
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tlie furnace may easily have been high enough to prevent them 
from volatilizing completely there, so that the pig-iron, as it 
flowed from the furnace, might well contain both zinc and lead. 
It IS also easy to understand that, once the pig-iron reached the 
open air, and the vapor-tension of lead and zinc which existed 
within the furnace was thereby removed, the lead or zinc 
should liquate as silicide, aud immediately volatilize. 

The difficulty in the way of this explanatiou is that the zinc 
or lead, on volatilizing, ought immediately to have oxidized, and 
the oxide ought to have heen noticed, if not on the pig-iron 
itself, then on the workmen’s tools, the walls, etc. The fact that 
such a phenomena seems to have escaped notice certainly 
opposes my explanation. 


The Colorimetric Assay of Copper. 

Discussion of the Papei of J D Aiidley Smith, Clifton, Arizona 
(See p 851 ) 

George L. Heath, South Lake Linden, Mich, (communica- 
tion to the Secretary). In presenting some notes on the 
“Heine’s Blue Test” Mr. Smith expresses a preference for 
fresh standards and a cheaper bottle ; hut this is rather a rever- 
sion to the old method, since I devised in 1897 the newer 
method of preparation and preservation of permanent stand- 
ards, which were not used with any success in the original 
method. 

Many busy western assayers no doubt value a method for 
preparing a permanent set of standards in air-tight glass-stop- 
pered bottles, whose use brings the method as near perfection 
as one could desire as regards rapidity of color-reading and 
avoidance of unnecessary work. 

Mr. Smith notos that his color-readings were compared with 
an electrolytic assay of another ore-sample, and that my elec- 
trolytic assays were made on the “blue test” solution from 
colorimetric assay. 

He omits, however, reference to the fact, showing the ad- 
vantage of my procedure, that the next column in table of 
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results ill the original paper=^ showed the copper as (determined 
by battery-assay) remaining in the precipitate of iron oxide and 
sihea from the eolorimetrie assay. 

The sum of the electrolytic tests of the bine solution and 
the residues gives the true copper-contents of the original ore 
vdthout introducing the element of error of sampling, as Mr 
Smith has done by testing two samples instead of one in each 
experiment 

The experiments, in my paper referred to, indicated more 
than this, as they showed by the method of tabulation, etc , 
described, how nearly one may read the color of a known amount 
of copper in a solution, and how near that ammoniacal solu- 
tion comes to containing the total copper originally present in 
the test-sample. 

As in the color-method for carbon in steel and the cyanide- 
titration of copper, there must be for close work a careful ad- 
herence to uniform conditions and agreement of tint or shade 
between standards and assays. 

A set of unchangeable standards containing a definite quan- 
tity of ammonia ought to permit closer work, since the tint 
varies with excess of ammonia from purple to clear blue and 
even greenish blue. 

In further discussion of the question — If standards may be 
made so that they are good for months afterwards, is there any 
object in wasting time to make up fresh ones each day ^ I would 
say that it is true that bottles made from selected tubing with 
tightly-ground stoppers may be a little expensive for a private 
laboratory; hut the price (about $1 each) ought not to ho ob- 
jectionable to a company when much is gamed by their use. 

A set of 24 uniform bottles, in which the 200 c.c. marks do 
not vary more than inch from each other, will allow 12 bot- 
tles for standards and 12 extras, and should last for many 
years. 

If standards of permanent nature are desired, both a strongly 
ammoniacal copper sulphate solution and eontaining-bottles 
with tight glass stoppers are indispensable, according to our 
experience If a chemist prefers the old make-shift, involving 
fresh standards every day, there is nothing more that I can add 
to this discussion 


* Journal of Amei Ghem Society, rol. xix., January, 1897, p 24 ei seq 
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Mr. Smith (communication to the Secretary) * In commenting 
upon my modification of the color-test, Mr Heath considers it 
a reversion to the old method, and objects to the waste of time 
in making a fresh standard. The old method requires a fresh 
standard to each assay-solution, on the other hand, in the 
method described by me, one standard will do for a batch of 
samples — as large as may arise in the routine-work of the 
chemist. At the same time it only takes about one minute to 
fill the standard tube with the requisite amount of water, acid 
and ammonia, and the titration does not take any longer than 
the comparing of solutions with permanent standards. Having 
used both methods for several years, I do not hesitate to say 
that I find my method as rapid as Mr. Heath’s, and for reasons 
stated in my paper prefer to use it Mr. Heath was the first 
chemist to make permanent standards possible, and his bottle 
is as perfect as can be made If, however, fresh standards can 
be run with one or several assays at once, and as rapidly as 
with standard colors, then there is no reason why a chemist 
should go to the trouble of preparing the latter. There is no 
reason why the same uniform conditions cannot be observed m 
making the fresh standard as well as by any other method, so 
that Mr. Heath’s remarks on this point are unnecessary. 

With reference to my electrolytic assays being made on a 
second weighing of ore, it seems to me preferable to do this in 
checking assays, as the errors in weighing will then be re- 
duced Averages are always more reliable than single assays 
My experience with the bottles made from selected tubing has 
been rather unfortunate, they being so easily broken by the 
laboratory attendant. If a cheaper bottle can be used, and at 
the same time the results are accurate and obtained rapidly, it 
is unfair to class the device as a make-shift. Simple apparatus 
IS always eflective if suited to the work required. 


The Assay of Copper-Materials for Gold and Silver. 

Discussion of the Papei of L. D Godshall, Spokane, Washington (See p 529 ) 

A. H Ledoux, Hew York City The so-called “ combination 
method ” is generally used in assaying bar copper for silver. 
It has been modified from time to time. Briefly outlined 
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as now practiced, it is as follows One A. T. of the borings 
is dissolved in dilate nitric acid When solution is complete 
the liquid is boiled and then filtered to remove gold. ^ The 
filtrate is treated with sufficient salt solution to precipitate 
all the silver, hut avoiding anj unnecessary excess. The 
liquid is allow’ecl to stand over night and next morning the 
silver chloride is collected on a fresh filter, wffiich, together 
with the paper containing the gold and insoluble matter, is 
scorified and cupelled Formerly many assayers added sul- 
phuric acid to the nitric acid solution of the copper and silver 
and then acetate of lead, thus producing a heavy precipitate of 
sulphate of lead which was supposed to entangle the silver 
chloride and prevent it firom passing through the filter. As a 
matter of fact the use of sulphuric acid and lead salts is entirely 
unnecessary. Very few assayers now make use of them If it 

is not possible* to let the silver chloride settle over night, accu- 
rate results may be obtained by stirring the liquid vigorously 
with some form of mechanical stirrer for half an hour. The 
silver chloride may then be easily filtered without fear of any 
of it escaping through the filter. The same result may be at- 
tained by blowing air through the liquid. It is quite possible 
to make an accurate assay by this method in three hours. In 
some cases, noticeably those in which the copper is very free 
from impurities and the gold contents small, the correct gold 
assay may he obtained by parting the bead obtained by this 
process. In many cases, however, the gold assay obtained by 
the above process is too low, even though the gold he removed 
from the liquid by filtration before adding the salt solution It 
would appear that sometimes the gold is present in the copper 
in some combination which is soluble m nitric acid or strong 
nitrate of copper solution. However, it may be, and frequently 
is, necessary to resort to the “ all-fire method ” to obtain correct 
results. This method consists in weighing out a number of 1/10 
A T portions — usually ten — and scorifying them with lead until 
most of the copper is removed — ^then cupelling the lead-buttons 
either separately or uniting them five and five, rescorifying, and 
then cupelling. This method is expensive and laborious, in- 
volving many scorifications and the use of much test-lead. The 
first scorification must be conducted at a high temperature, and 
the operations consume a great deal of time and muffle-room. 
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But tlie gold obtained is usually appreciably more tban can be 
extracted by the combination-metbod — tliougli it does not seem 
to bear any fixed ratio to it even in tbe same class of copper. 
In general, in 96-98 per cent copper, containing from 1 to 5 
oz. of gold per ton, tbe ‘‘ all-fire” results will be from 0 1 to 
0.3 oz bigber tban can be obtained by tbe combination-metbod 
Any method that would give correct gold and silver results on 
all classes of bar-copper at one operation, and that would apid 
the tedious and expensive operations of tbe all-fire process, 
would find ready acceptance among assayers The method de- 
scribed by Br. Godsball seemed to ofier some possibilities in 
tins direction. To test tbe practical accuracy of this method, 
comparative assays were made in my laboratory on three sam- 
ples of bar-copper, using tbe “ combination-method ” for silver, 
and tbe “ all-fire ” process for gold, alongside of Dr. GodshalTs 
method. Some preliminary experiments were made by the 
new method to obtain a knowledge of any peculiarities that 
might bo developed. The process of assay was as follows • One 
A. T. of borings dissolved in dilute nitric acid (90 e.c. strong 
to 100 c.c. of water). Tbe solution was then evaporated to 
expel free nitric acid, a little sulphuric acid (20 c.c ) was added, 
and tbe evaporation continued. Finally tbe copper salts were 
dissolved in hot water, the solution diluted to 800 c.c., and 
allowed to cool. Then sulphuretted hydrogen was passed rap- 
idly into the liquid for two minutes A heavy black precipi- 
tate of sulphides was produced, which settled rapidly, leaving 
a clear blue solution. The liquid containing the precipitate 
was stirred rapidly and then allowed to settle for about half an 
hour, and finally the sulphides were filtered off. The filtrates 
in most cases gave no visible reaction for silver ; sometimes, 
however, silver was not completely precipitated by the sul- 
phuretted hydrogen. Ho reason was developed why this should 
he the case, as those solutions which contained silver had 
apiparently been treated exactly like those which did not. 
The assays noted below did not show any reaction for silver 
when the filtrate was tested with salt-solution. The copper sul- 
phide containing the silver and gold was dried, the papers 
burned in scorifiers, and the residue scorified with 50 grammes 
of test-lead. The results were as follows . 


vor. XXX. — 69 
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Sdvei' — Ounces per Ton. 



Godsliall 

Comtimation 


Metiod 

Method 

Ko 1, 

67 70 

67 20 

“ 2, 

57 20 

58 80 

“ 3, 

. 59 00 

59 30 


G-olcl — Ounces per Ton. 




AH-Fire Method 

No 1, 

. 2 28 

2 42 

“ 2, 

. 189 

2 10 

“ 3, 

. 2 06 

2 18 


rrom the foregoing results one would infer that the new 
method can give good results on silver. But the gold-assays 
are too low, being about the figures which would be obtained 
hy parting the silver-beads obtained by the combination- 
method/’ The new method does not seem to possess any ad- 
vantage over the “ comhiiiation-method in point of speed 
When the silver chloride is stirred well or blown down with 
air, it can he filtered off as quickly as the sulphide precipitate. 
On the other hand, the new method requires the use of sul- 
phuretted hydrogen, which is a noxious and troublesome re- 
agent to handle on a large number of samples at the same time. 

Cabell Whitehead, Washington, B. 0. (communication to 
the Secretary): Br. C-odshall has placed the metallurgical public 
under great obligations by reviving the subject of the deter- 
mination of gold and silver in copper-hearing materials. Sev- 
eral years ago Br Ledoux brought this subject before the In- 
stitute in a valuable paper, but I have always felt that the 
subject was not as fully discussed at that time as might have 
been done with profit. It was clearly shown by the results 
then reported that' the “combined’’ method yielded lower 
gold-results than the fire-assay. This was supposed to be 
due to a solution of some of the gold, occasioned by the 
impurities in the nitric acid used; and Dr. G-odshall seems to 
have accepted that view. Since then, I have determined by ex- 
periment that when the acid is chemically pure, a partial solu- 
tion of the gold takes place, probably by reason of the forma- 
tion of nitrous acid during the process of solution, and that 
the reaction, though manifested in smaller degree, is closely 
allied to that which occurs when platinum, in the form of an 
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alloy, is dissolved in nitric acid This being admitted, it is 
clear that the “ combined ” method cannot be relied upon for 
gold. We were therefore gieatlyin need of a method such 
as the one proposed by Dr Godshall. I have experimented 
with it, and find that, under certain conditions, excellent results 
are obtained The conditions for satisfactory working are 
given in his paper, but I do not think the danger-points are 
clearly marked. I found that, when the solution was cold, and 
practically free from nitric acid, the precious metals were per- 
fectly thrown down with a very small amount of H 2 S. In such 
cases, the amount of copper to be removed by seorifieation and 
Gupellation was small, and gave 110 trouble , but when the cop- 
per-solution contained much free nitric acid, or was hot, large 
amounts of IlgS were required to complete the precipitation, 
this had to be followed by a rapid filtration , and, even then, 
the solution frequently contained traces of silver The re- 
moval of the nitric acid by evaporation with sulphuric acid 
IS a matter of considerable difficulty, as I believe all who have 
tried it will admit. This and the careful attention required 111 
making the TI^S precipitations are the chief objections to the 
method. I have modified it with good results as follows 
I dissolve in HlsTOj; dilute and make faintly alkaline with 
ammonia ; then make acid with acetic acid I then add a so- 
lution of hypo-sulphite, sufficient to precipitate about 100 mgs. 
of copper. After thoroughly mixing the solutions with a stir- 
ring rod, the beaker is boiled for five minutes, or until the 
OuaS collects. This precipitate is cupelled in the usual way 
With this modification of the xiroposed method, I believe there 
remains only one objection, viz., the necessary seorifieation of 
a product high in copper. I have been working with some 
success to overcome this difficulty , and I hope to publish the 
result of my efforts hereafter 


Pyntic Smelting in the Black Hills 

Discussion of the Papei of Dr Fianklin R Carpentei (See p 764 ) 

H. Yan F. Furman, Denver, Oolo (communication to the 
Secretary) , There are some statements in Dr Carpenter’s in- 
teresting paper which appear to require explanation, if not 
modification. 
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He says (p. 766) “I have figured the alumina as a base, as 
we always did in our work at Deadwood ” Personally, I have 
bad no experience with slags of the particular composition given 
by Dr, Carpenter in bis Table I , but my experience with the 
more basic, and more ferruginous, slags of lead- and copper- 
smelters bas satisfied me that in these slags alumina invariably 
acts as an acid, and should be so considered in calculating the 
furnace-charges. My recent experience in lead-smelting at 
Mapimi, Mexico/ where the ores contain high percentages of 
alumina, has confirmed this opinion. The slags which I made 
there generally contained from 12 to 14 per cent of alumina, 
while the silica ranged from 23 to 32 per cent The slags carry- 
ing 23 per cent of silica exhibited all the characteristics of basic 
slags, as judged from the standpoint of the lead-smelter, but 
they were fairly clean in lead and silver, ran pretty well, and 
kept the hlast-furnaces in tolerably good condition. I am sat- 
isfied that, if the alumina had played the part of a base in 
these low-siliea slags, it would have been impossible to keep 
the furnaces open and running successfully. 'Whenever the 
silica exceeded 30 per cent , these slags exhibited all the char- 
acteristics of what the lead-smelter would consider an acid 
slag ; and I found it not advisable to try to run the furnaces on 
a charge higher in silica. In ordinary lead-smelting practice, 
with from 2 to 4 per cent, alumina m the slags, it is not unusual 
to find in the latter from 33 to 36 per cent, of silica. It may 
be of interest to note that the best results which I obtained in 
smelting these Mexican ores were with slags having approxi- 
mately the following composition * S 1 O 2 , 28 ; FeO -f MnO, 36 ; 
CaO, 16; and Al^Og, 14 per cent. 

The lead-smelting practice of Denver and Pueblo, Colo., has 
been considerably modified since the smelters have been com- 
pelled to treat large quantities of Cripple Creek ores, which 
carry considerable percentages of alumma. Pormerly the prac- 
tice was to make slags containing from 33 to 35 per cent, of silica. 
At present, with large quantities of aluminous ores in the charge, 
the slags seldom contain more than 31 per cent, of silica, yet 
they present all the physical eharaeteristies of the former high- 
silica slags. This would apparently indicate that in the Oolo- 

* “Notes on Mining and Smelting in the State of Durango, Mexico,” by H. 
Van P Pumao, JProc. Oolo. Sei Soc , Jan , 1900. 
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rado practice of to-day the alumina replaces silica, and con- 
sequently plays the part of an acid 
As regards the employment of dolomite, or magnesia-hear- 
ing ores as flux, I may observe that magnesia has been quite 
generally regarded by lead-smelters as something to be avoided. 
Hofman, in Ins Metallurgy of Leadf" says 

“ Magnesia is undesirable in a lead -furnace, as it makes a slag pasty and stieaky, 
but in many cases the only available limestone is dolomitic, and it must be made 
the best of. This undesirable property of magnesia is especially observable if the 
slag contains zinc Magnesia and zinc oxide appear to mtensify each other’s prop- 
erty of being difficult to slag If a slag contains 8 per cent zinc and from 2 to 3 
per cent baryta, very common just now in Colorado, from 2 to 3 per cent mag- 
nesia shows a decidedly bad eSect, and 5 per cent causes a great deal of trouble 
and IS liable to chill This is perhaps to be explained by the fact that the silicate 
of magnesia has a higher specific heat than the silicate of lime, and ought to be 
corrected by more fuel ” 

In View of the high-magnesia slags which Dr Carpenter 
describes, and also in view of the fact that in Colorado it is 
not unusual at present to find modern, large lead blast-furnaces 
running on slags carrying zinc, 6 ; baryta, 2 , and magnesia, 4, 
or more, per cent., the above statement should be modified. 
In the use of magnesia as a flux, it should be remembered that 
it is a more powerful base than lime, and, in the calculation of 
the furnace-charge, if lime be taken as 1, the factor for mag- 
nesia will be 1.4 In other words, 1 part of magnesia will 
satisfy the same number of parts of silica as 1.4 of lime 
Dr. Carpenter lays great stress upon the advantages of pro- 
ducing iron sows in so-called pyritic smelting To the lead- or 
copper-smelter, this is somewhat startling It is a fact that in 
the early days of lead- and copper-smelting in the United States 
the production of iron sows was not unusual They were not 
wanted, but they were often made, and were regarded by many 
as necessary evils I believe that the production of iron sows 
is a rare occurrence at present, and I doubt whether the lead 
or coj)per blast-furnace manager of the present day would hold 
his position long if he should produce many such sows 

Is it not possible that the addition of more pyrites to the fur- 
nace-charge, and a proper control of the coke-charge and the 
blast, would have done away with the formation of sows at 


‘ Fifth edition, page 286. 
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Deadwoocl? Dr. Carpenter says tliat tlie production of iron 
sows was desirable, because they proved to act as collectors for 
tbe gold, and tbus reduced tbe gold-losses in the slags. Could 
not the slags have been rendered clean by the addition of small 
amounts of copper and additional pyrites to the furnace-charge ^ 
Of course, this would he copper-matte smelting, and we are 
familiar with the results obtained by that method It appears 
to the writer that the practice suggested would be preferable, 
from both a metallurgical and a commercial standpoint, wherever 
copper-ores or mattes could be obtained. If I am reliably in- 
formed, it has been the practice for a number of years past, at 
Deadwood,to add copper-bearing material to the furnace-charges. 

Franklin R Carpenter, Denver, Colo, (communication to 
the Secretary) In reply to the statements of Mr. H Van F. 
Furman, I would say, concerning alumina and magnesia, that 
in the opinion of most, if not all, metallurgists, alumina is 
sometimes a base and sometimes an aeid. The minerals called 
spinels show conclusively that alumina acts as an acid, while 
the ordinary silicates of alumina show that it may act as a base 
It may be that its position is determined by the quantity and 
kind of the remaining bases. It will be noticed (page 766 of my 
paper) that the ferrous oxide in the Mansfeld slags is very low. 
In such slags alumina is undoubtedly a base, replacing iron. I 
have taken the average of the Mansfeld slags, and figured 
alumina as an acid The oxygen in the acid to the oxygen in 
the base is as 3.66 to 1. The silicate degree is 0 55 to 2.0 — 
not much short of a qiiadrisilicate — ^hardly such a silicate as 
one would think would flow from the blast furnace — ^yet these 
slags are fairly fluid, and melt readily The slag, as noted in 
my own table under date of September 9, 1895, being fignre^d 
in the same way, gives 2 1 to 1 as the oxygen ratio, and the 
silicate degree as 0.95 to 1, or that of a bisilicate. A slag of 
this character does not seem bad for a blast furnace, but the 
Mansfeld slag seems very improbable. I believe, however, it 
has been concluded that the Mansfeld slag consists of mono- 
silicate of alumina pins bisilicates of the RO type. 

At Cripple Creek the ores have the general analysis : 

Per cent 
60 to 62 
. 17 “ 18 


SiO„ 

AI2O3 
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Na,0 and K,0, 

Per cent 

12 to 13 

S, . . . . 

2 “3 

Fe, . . . 

2 5 “35 

MnO, 

0 5 “1 

CaO, 

0 7 “12 

MgO, 

0 4 “06 

Cu, . . . 

. 0 005 “ 

H2O, 

10 “20 


I designed tlie Florence plant to treat these ores , and I ex- 
pected to make Mansfeld slags. There was no essential differ- 
ence save the percentage of alkalies These I supposed would 
he of great advantage, as we considered potash as a powerful 
flux, and, also, as one that would make slags fluid. I resorted 
to my crucible-method, and made the following experimental 


slags 


“■'“S’" 

S 1 O 2 

FeO 

Fe 

AloOs 

CaO 

MgO 

K 2 O 

NaaO 


Pel 

Pei 

Per 

Per 

Per 

Per 

Per 

Per 


cent 

cent 

cenc 

cent 

cent 

cent 

cent 

cent 

1, 

45 4 

13 6 

10 6 

14 9 

10.4 

6 5 

66 

65 

2, 

47 6 

95 

74 

16 8 

11 2 

6 6 

5 4 

62 

3, 

53 4 

36 

28 

18 4 

98 

67 

6 1 

1 15 

4, 

53 2 

28 

2.2 

19 1 

9 3 

67 

7.1 

1 65 

5, 

49 2 

9 77 

7 6 

14 6 

10 5 

6 6 

7 1 

1 60 

6, 

54 2 

23 

1 8 

19 1 

93 

5 6 

7 0 

1 40 

7, . 

50 2 

12 5 

97 

12 7 

10 4 

6 6 

5 6 

42 


These slags appeared fluid, and, I did not doubt, would flow 
freely from the furnace; but the sequel showed that they 
would not do so. The furnaces could not be kept open In 
the crucible the slags appeared fluid ; but in the furnace they 
were very viscous, unless superheated, when they became thin. 
The frozen furnaces were found to be full of chilled slag — very 
good-looking slag, too — “ from bottom to gunwale,” showing 
that the slags formed readily, but would not run from the fur- 
nace. I was forced to abandon a 60-per cent, silica slag for 
these ores, although it had been made at Deadwood (with less 
alumina), and at Mansfeld (without alkalies, and with less 
magnesia). I then figured my slags as do the Bessemer steel 
people : 

RO = (OaO -f MgO + etc.) _ 48 ^ 52 
SiO, + A],0, 52*° 48 

These slags ran when hot, but chilled very easily, and the 
furnaces were lost in the same way as before, ^.e., they were 



1180 


PYKITIC SMELTING- IN THE HLAOE! HILLS 


fall of slag, so viscous that it had failed even to run into the 
tuyeres ' 

It should he remarked that in Colorado the Cripple Creek 
ores are used but sparingly by the local smelters. While 16 
per cent, of the charge may be of Cripple Creek ores, the slags 
are notably viscous, while 20 per cent is about as large a per- 
centage as the lead-smelter cares to add to his charge. The 
ores form, when smelted alone, with ordinary duxes, a very 
viscous slag When added to other ores, they impart this 
property of viscosity to the slags directly in proportion to the 
amount used. I advance the somewhat heterodox idea that 
the potash and soda, and not the alnmma, make the trouble 
My reason will he seen later. In my Cripple Creek practice 
everything tended toward lowering the fusing- or formation- 
point of the slag By reference to the Hofman curves {Trans,, 
xxix., 682) it will be seen that this is the effect of high 
silica and high alumina, while it is elementary knowledge that 
the alkalies do the same thing. I had, then, the somewhat 
unusual condition of a slag formmg at too low a temperature, 
or, at least, at a temperature at which it was not fluid. I had, 
therefore, to construct a slag that would have a higher forma- 
tion-point, or, at least, a formation-point at which it would he 
fluid. By reference again to the Eo&aan curves, it will be 
seen that there is only one base, ordinarily obtainable, which 
will raise the formation-point, and that is the much-dreaded 
magnesia. By proper use of this I secured a slag which was 
fluid at its forn/iaiion-point, and satisfactory in every way. So 
far as I am aware, this work is original. I think, therefore, 
that the trouble which smelters have with the Cripple Creek 
ores IS due, not to their refractory nature, hut to their low 
fusing-point, and the difficulty of superheating them in the 
blast furnace. They soften easily in the upper part of the fur- 
nace j and, when combined with the other slag-forming con- 
stituents of the charge, they form a slag made at a much lower 
temperature than would be made without them, but, unfortu- 
nately, at a temperature at which they are not fluid. The pres- 
ent Plorence slags are far more liquid than ordinary lead-slags, 
and are all far more fluid than the Beadwood and the Mansfeld 
slags, both of which are somewhat viscous. The Florence 
slags run forward "when poured over the dump, making not 
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more tTian a 80°-slope, -vvliile those at Deadwood make a 90 °- 
faee to the dump. I have received many private communica- 
tions from metallurgists concerning my use of magnesia, ■which 
I should like to use; and, as Prof. Fnrman quotes Dr. H. 0. 
Hofman, it may not he a ■violation of confidence to say that the 
latter fully agrees with me that magnesia is a desirable base in 
the presence of much alumina, while a reference to page 130, 
Part I , of Collins’ recent work upon the Metallurgy of Lead, 
shows that he also considers it less objectionable when alumina 
IS present. According to the Hofman curves, it ■will be seen 
that they cancel each other’s effects ; but there is, I think, an 
advantage, pointed out long ago by Overman, in the mere 
multiplication of bases : that is, that a polybasic slag is to be 
preferred to one containing but one base, or few bases 
Iron Soios—yir. Furman’s objection to iron “sows” comes 
largely from a misunderstanding of the process, and this arises 
again, doubtless, from the now very misleading term “ pyntic 
smelting ’ It is very different, also, from the lead-and-copper 
process to which he makes reference, which treats mainly oxi- 
dized or roasted ores. Singular as it may seem to Mr Furman, 
the difficulty cannot be overcome by the addition of pyrite or 
copper, as he suggests, and the addition of such material only 
aggravates the trouble. It must be remembered that this sort 
of pyritic smelting has nothing to do with the smelting of 
pyrite-ores as a business ; the sulphide material being added for 
an express purpose, and at a loss, and the cost of smelting being 
borne wholly by dry siliceous ores. This is the case at Kongs- 
berg, Horway, at Florence, Colorado, and at Deadwood, So 
Dakota. We have a prior right to the term Pyritic Smelting, 
and it is most unfortunate that those who follow the footsteps 
of liollway, who first tried to smelt pyrite-ores by means of 
their heat-producing constituents, did not adopt some other 
term, although I suppose it is now too late to worry about it 
If the difference between the Deadwood process and the Holl- 
way process is borne in mind, what follows will be understood 
In the first, the charge consists of earthy matter, which, to be 
fused, calls for much coke, while the smelter of pyrite-ores 
(Hollway process) prefers to smelt by aid of the heat derived 
from the comhustion of sulphur, iron, etc The Deadwood 
process requires a reducing atmosphere — the Hollway an oxi- 
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clizing oae, to the extent that if the presence of any coke could 
be avoided it would be better. In the Deadwood process the 
coke which is consumed before the tuyeres is burned at a tem- 
perature of about 1100° C., and can, therefore, be burned to 
CO only. A-t Mansfeld, where much study has been made of 
this subject, the gases pass off, carrying from 16 per cent to 18 
per cent CO 

At Deadwood but three kinds of material go into the 
charge . 

1. Dry siliceous ores. 

2. Dolomite. 

3. Pyritiferous material. 

The last serves the double purpose of furnishing ferrous oxide 
for the slag and sulphide for the matte. An excess of pyrite 
causes, as at Eongsberg, an increase in the formation of iron- 
deposits , hut if this material went into the furnace oxidized, 
as in the lead-and-copper process familiar to Mr Furman, less 
iron-deposits would be formed In the hrst case, which we had 
better call “ raw smelting,” Samuelsen states that the excess of 
pyrites causes sulphide of carbon to be abundantly developed, 
which has a strong reducing action upon oxidized iron, form- 
ing FejS (old nomenclature), which is then decomposed into 
FejS and Fe,” Further on in the discussion of the leading of 
the matte, he says “ The formation of iron-deposits increases 
in proportion as the roasted raw matte diminishes, this is the 
reverse of what takes place in the raw smelting;” and, “A 
larger addition of roasted matte, i.e., iron oxide, again dissolves 
the iron-deposits formed, and for the following reason . one 
part of carbon only possesses a deffnite smelting and reducing 
action by which the iron-deposits are formed ; if more sulphur- 
etted raw matte is used, its metallic sulphides will remain iin- 
decomposed, and the sulphur it contains has a solvent action 
upon deposits which have been already formed.”* Mr. Man 
Furman, therefore, would he more nearly right if he ad- 
vised the addition of more iron oxide instead of more iron sul- 
phide. 

At Mansfeld, where the copper matte runs from 37 to 44 per 
cent, in copper, these sows are formed Iron matte has not been 


See Crookes and Kohrig’s MetaM%rgy, vol. i , pp. 225 and 235 
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made at Deadwood since 1896 Our first matte usually carried 
about 12 to 15 per cent, of copper, and the second matte about 
30 per cent. ; but tbe matte did not prevent tbe formation of re- 
duced iron, nor tbe presence in this reduced iron of at least as 
much gold as in the matte. All the metallurgical skill of the 
German Empire has not overcome the formation of sows at 
Mansfeld — they are inseparable from the process. 


The Elimination of Impurities from Copper Mattes in the 
Reverberatory and Converter. 

Commumcation from Prof H. M Howe, in correction of his previous Contribu- 
tion to the Discussion of Mr Keller’s paper {Tims , xxviii , 832) 

In discussing Mr. Keller’s paper, I quoted the results ob- 
tained by Mr. Allan Gibb, correctly crediting them to Mr. 
Gibb, with due reference to the report in which they were pub- 
lished. But in the table immediately following, and in my 
further remarks, following the table, I find that, by some 
clerical or other error which I cannot, after the lapse of time, 
explain, I spoke of Mr Gibb as Mr. “ Bean ” — a metallurgist 
who had written on a related subject, but not on the point I 
was discussing. In short, my reference throughout was to the 
work of Mr. Gibb , and by reading “ Gibb ” for “ Bean ” in 
all places on pp. 832 and 835 where the latter name occurs, my 
remarks will be brought into accordance with my intention, 
and with the facts. 
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[Note — In this Index the names of the authors are punted in small capitals, and 
the titles of papeis in italics Casual refeiences, giving but little information, are 
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Ekeata 

1 In Vol xxviii , pp 832, 835, ceitam work is credited by Prof H M. Howe to 
“Mr Dean” which was done by Mr Allan Gibb See Piof Howe’s conectionon 
p 1133 of this volume 

2 In Vol XXIX , p 901, Mi H B Edwards is called the manager of the Mountain 
Copper Co , at Keswick, Cal On page Ixvii of the same volume, Mr Edwards is 
coiiectly mentioned as assistant manager 

3 In the piesent volume, on p xlviii, the list of papeis lead by title at the Canada 
meeting should contain the papei by Mr J B Davis on the history of Solar Survey- 
ing-Instiuments, which is printed on pp 803-837 


Abundancia gold-mine, Zaruma, Ecuadoi, 251, 

Acadia Coal Company’s coal-mine, Stellarton, N S , visit to [Ivi] 

Adams, F D , experiments in the flow of rocks, at McGill University [32], (footnote) 

Aguilera, J and Oidoiiez, E , on mineral veins of Pachuea, Mexico, 650 

Alabama pioduotion of pig-iion in 1899, 515 

Alaska gold-regions , Nome, 236 et seq 

Alaska iion-mine, Hartville district, Wyoming [998] 

Altered fieezmg- and boiling-points, 873 

Altered rocks from gold-quartz veins, analyses of, 667 

“ All-fiie method ” of assay for gold and silver, 1122, 1124 

Alliance Gold Di edging Company working placer-deposits on Colorado river, Ariz 
[1099] 

Amphibole in Bunkei Hill and Sullivan lead-silver mine, Idaho [610] , m coppei- 
yeins of Eossland, British Columbia [610] 

Amalgam, accumulation of, on coppei plates, 320 
Amalgamation of gold and silver, 318 et seq 
Anaconda copper-mine, Halifax county, Va , 464 

Analyses of alteied rocks fiom gold-quartz veins, 667, Bessemer pig-iron, 525, 
brick, altered, 689 , Clansthal (Germany) locks, 683, 684 , Clealum iron-ores, 
1116, 1117, coal, Shansi, China, 273, Comstock clays, 648, copper (metallic), 312, 
country-iock near Himmelfahrt mine, Freiberg, Saxony, 609, Cripple Creek 
ores, 1129 , Doadwood and Delaware slags, 765, fresh and altered locks from 
gold-quaitz veins, 669, 670, 671 , furnace-cadmia, 528 , gneiss neai Himmelfahrt 
mine, Fieibeig, Saxony, 661, 662, iron-ore of Chicago mine, Hartville district, 
Wyoming, 990; iron-ores of Haitville distiict, Wyoming, 989, non-ores, “paint,” 
of Sunrise mine, Hartville district, Wyoming [994] , limhnigite [760] , Mansfeld 
slags, 766, 1129 , mctasomatic rocks from gold-quartz veins, 666 , opaline silica, 
655, ores m blast-fninace charge, 527, pig-iron, 720,721, 727 et seq passim, propy- 
litic andesite, 646, shales Brazil, Camaragibe, 547, Eiacho Doce, 549, siliceous 
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efflorescence upon pig-uon, 525 , silicified diorite, 673 , telluride-ores of Cripple 
Creek, Colo, 712, 714, 717, telluride-ores of Kalgoorlie, W Australia, 711, 715, 
716, tm-deposits of Altenbeigand Zmnwald, Saxony, 622 
Andr&, on theoretical requirements for ventilation m coal-mining, 862 
Angels Deep gold-mine, Witwatersrand, S Africa [966] 

Antelope gold-mine, Pinal county. Ariz [1063] 

Anthon, E P , investigations in sulphide reactions [212] 

Argo process of lead-refining, 776 

Arizona aurifeious gravels Colorado iiver bed [1099] , Pima county [1099] , Yava- 
pai county [1099] , brick clays [1101] copper-deposits Bisbee, 192 , Chfton- 
Morenci, 192, Globe, 192 coppei -mines Cochise county. Copper Queen [1058, 
1080] Gila county , Old Dommion [1058] Graham county , Longfellow, kaolin 
in [1101] Yavapai county , Bullard [1079] , Buster [1079] , United V erde, 192 
[1058, 1088] copper-ores Mohave county , Planet [1097] , Yavapai county, 1074 
geology and vein-phenomena of, 1038 et seg^ gold- and silvei-mines Cochise 
county , Bonanza King [1074] , Little Wonder [1074] Pinal county , Mammoth 
[1063] gold-copper mines Pinal county, Bay [1062, 1089] Yavapai county, 
Examiner [1078, 1079] , assays of ore, 1079 , Mineral Hill [1078, 1079] , assays 
of ore, 1079 gold-mines Mohave county , Elkhart, 1048 [1069] , Gold Basin 
[1046], Tennessee [1048, 1069] Pima county, Homestake [1046] Pinal county, 
Antelope [1063] , Mammoth [1046] Yavapai county Blue Dick [1078] , Bonanza 
King [1078] , Congress [1046] , Clowned King [1047] , Fred Smith [1077, 1078] , 
Gladiatoi [1047] , Gold Jem [1078] , Jersey Lily, [1068, 1078, 1083] , kaolm m 
[1101] , Lynx Creek [1080, 1088, 1089] , Quartz Mountain [1074] , Boss [1077, 
1078] , Scotland [1078] , Zero [1074] Yuma county , King of Aiizona [1046] , La 
Fortuna [1046] hematite deposits at Planet, Mohave county [1097] hot-springs 
[1100,1101] lead-mines Pima county, Pride [1059] , San Xavier [1059] “leaf 
silver ” occurring in porphyry , at Bisbee, Cochise county [1089] , at Globe, Gila 
county [1089] manganese mines Cochise county, Tombstone [1064] Mohave 
county , White Hills [1064, 1087] Pinal county , Silver Bell [1064] Yavapai 
county, Silver Belt [1064] “Mexican onyx” quariies Yavapai county, Big 
Bug [1100] . placer-deposits worked by Alliance Gold Dredging Co on Colorado 
river [1099] silver-mmes Cochise county , Tombstone [1039, 1064, 1089] Gila 
county , Old Dominion [1062] , Pioneer [1089] , Silver King [1039, 1058, 1089] 
Mohave county, Buckeye [1089], McCracken [1089], Schuylkill [1069], White 
Hills [1064, 1087] Pima county , Qny otoa [1089] Pmal county , Lincoln [1082] , 
Old Dommion [lOSO] , Owl’s Head [1089] , Silver Bell [1064] , Santa Cruz county, 
Harshaw [1089] , Yavapai county , Blue Dick [1069] , Bustei [1067] , Crown King 
[1067] , Gladiator [1067] , Henrietta [1067] , Jeisey Lily, kaolin m [1101] , Little 
Jessie [1067, 1083] , McCabe [1067, 1083] , Peek [1067] , Silver Belt [1064, 1082] , 
Y'aeger [1087] tellurium, occurrence in Yuma county, 1062, 1063, [1082] 
Arrhenius’s law of dissociation, 870, 871 

Assay of Coppe) -Matenals fo) Gold ami Silvei (Godshall) [xli], 529, discussion, 1121 
Assays copper (colorimetric), 851 ef seg , 1119, colorimetuc and electrolytic, com- 
pared, 853, copper-materials for gold and silvei, 529 etseq, 1121 st aeq , coppei, 
slag-, 852 , copper, tailings-, 852 dry method, by sconfication and cupellation, 
529 gold and silvei , “all-fire method,” 1122, 1124, “combination-method,” 
1124 gold-, silver-, copper-ores, 1079 influence of silica on loss of silver m 
sconfication, 554 et seg platinum in gold-bearing sands of Alaska, 707 , of Cali- 
fornia, 706, 707, of Idaho, 707, of Montana, 707, of Oregon, 707 sconfication-, 
557 wet method, by solution, precipitation and filtration, 529 
Associated Mines gold-mine, Kalgooilie, W Australia [715] 

Association of copper audiiou compounds, 109 ct seg , lead, zinc and iron compounds, 
102 el seq , silver and gold with the base metals, 113 et aeq 
Astrolabe, definition of, 797 

Auiiferous gravels in the Colorado iron bed, Ariz [1099] , in Pima county, Aiiz 
[1099] , in Yavapai county, Aiiz. [1099] 
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Aui iferous sand in Idaho, 521, 522 

Austialia gold-mines Ballarat, New Normanby [1010] , Pi ince Eegent [1009] Ben- 
digo, New Chum-Victoiia [377] the “Indicatoi ” vein, Ballarat, 1004 ef seq 
New South Wales , copper-mines, Broken Hill Consols, 204, 205 
Austialian Broken Hill Consols silvei-mme. New South Wales, 441 
Austiia-Hungary pioduction of pig-non in 1897, 505, 509 
Austin, W Lawrence, on the matting of dry auriferous silver-ores [764] 

“ Baby smelter,” experimental plant, at Dakota School of Mines, 767 
Bachman, F E , on analyses of pig-nou, 719 et seq. 

Balling’s tables lor slag-calculations, 775 
Bar-placers of the Nomeiegion, Alaska, 240 
Baitelot’s fDi ), mining compass, 785 

Baitlett, Di , on the matting of diy auiiferons silver-ores [765] 

Barus, C , on thermo-dynamic relations between hot water and soft glass, 53 
Beach-placeis of the Nome region, Alaska, 240 et seq , origin of, 244 
Beck, Pi of E , on the tin-ore deposits from Bauca and Billiton, 624 
Beckei, C F , on the Apollo mine, Unga Island, Alaska, 652 , on the countiy-rock of 
theTieadwell mine, Alaska, 673, on the geology of the Comstock lode, 846, on 
the quicksilver-deposits of the Pacific Coast, 675 
Belgium production of pig-iion in 1899, 505, 509 
Belle Isle iron-mines, Newfoundland, visit to [Iviii] 

Bell-Elhott-Eckhold omnimeter, 822 

Bell-Kiupp, 01 pig-w'ashing, process, a desilicidizing process [726] 

Bell’s Asbestos Company, Ltd , Thetfoid, Quebec, visit to mines of [liii] 
Beiicli-placeis of the Nome region, Alaska, 243 
Beitha zinc-mme, Va [346] 

Beitiand-Tliiel process, further notes on, 531 et seq 

Big Bug “Mexican onyx” quaiiies, Mayer, Yavapai county, Anz [1100] 

Big Lagoon platinum-mme. Cal [704] 

Big Seven ailvei-lead mine, Neihait, Mont, 435 

Biog) apliieal Notice of Thomas Eglestm, PliD , LLD (EltiNz) [xli], (not published in 
this volume See Secretary’s note, p 1102) 

Biographical notices Bucke, Maurice A , xxv , Bullock, Milan C , xxv, Campbell, 
William Y xxvn, Cartel, Frank, xxviii, Caiy, John Stockly, xxviii, Durfee, 
William Fianklin, xxix, Engelmann, Heniy, xxx, Grubb, Edward B, xxx, 
Hayden, Edwaid Simeon, xxxi , Hoefer, Eugene, xxxi, Holden, Edward F, 
XXXI , Hunt, Alfred Ephiaim, xxxii , Kimball, Hiram, xxxiv , Lord, Eussell 
Farham, xxxiv , Mauzavino, Nicolas E , xxxv , Middleton, William B , xxxvi , 
Miles, Frederic Plumb, xxxvi , Newbeiry, Wolcott Ely, xxxvii, Peters, Samuel, 
xxxvii, Swoyer, John Henry, xxxviii, Symington, William Newton, xxxviii, 
Thompson, William T , xxxvui , Wagner, John E , xxxix , Wood, W Dewees, 
xxxix 

Biotite replacing hoiublende and feldspais in gold-copper veins of Eossland, British 
Columbia [610] , in louimaline veins. Meadow Lake, Cal [610] replacing quartz 
in Bunkei Hill and Sullivan mine, Idaho [610] secondary, in Ocean Wave mine, 
Cripple Creek, Colo [610] 

Birkinbine, John DistiibuUon of the World’s Fioduction of F%g-Lon [xli], 504, JSy- 
d) auhc Fumpmq-Plant on the Snake "Bvcer, Idaho, foi Powei , h i igation and the 
Treatment of Gold-Sands [xli], 518 
Bisbee copper-deposits, Cochise county, Anz , 192 
Black Jack copper-silver mine, Florida Mountain, Idaho, 653 

Blake, W P , on aluminum-ores of New Mexico [347] , on occurrence of platinum at 
Port Oifoid, Oie , 703 

Blast-fui nace , analyses of ores in chaige, 527, protection of linings, 573 et seq 
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Biast-fiirnaees Colorado Fremont county Floience, Rocky Mountain Smelting 
Co ’s, T71 

Blue Bud iron-mine, Hartville district, Wyoming, 1000 
Blue Dick g-old-mme, Yavapai county, Ariz [1069, 1078] 

Blue Wing eopper-mine. Person county, N G , 199 [434], 464 et seq 
Blum, on pseudomorphs, 5S2 

Boggs coppei-smelter, Arizona City, Aiiz [1061] (footnote) 

Bonanza King gold-mine, Yavapai county, Ariz [1074, 1078] 

Botha’s Reef gold-mine, Witwatexsrand, S Africa [948] 

Bo'WDEn, J S Notes Oil the Comp) essed-Atr Havlage-Flanf at No BCollmyof the Sus- 
quehanna Coal Company, Glen Lyon, Pennsylvania [xlvi], 566 
Bradford, Wm , on tlie “ Indicator,” Ballarat, Australia, 1005 
Brady’s iPetei) duplex-beaiing mine-transit, 791 
Biandis’s solai transit, 823 

BE-tXNEE, J C The Oil-Beai mg Shales of the Coast of Biasil [xlvi], 637 , on bauxite- 
deposits in Ark [347] 

Bras d’Or Lakes, Cape Bieton, N S , visit to, Iv 

Brass, properties of, made from copper containing suboxide, 837 et seg 

Brass salamanders, effect ot prolonged heating upon, 849. 

Brazil analysis of Camaragibe sbales, 547, of Siaclio Doce shales, 549 oil-beaiing 
shales of the coast, 537 etseq 
Brick, altered, analysis of, 689 
Bnck-olays m Arizona [1101] 

Bricks, roller-pallet system for making, 299 et seq 

Broken Hill Consols silver-mine. New South Wales, Australia, 204, 305 

Brown, E Gr, on the Butte, Mont , copper-deposit, 129 

Buoke, Maurice A , biographical notice of, sxv 

Buckeye silver-mine, Mohave county, Ariz [1089] 

Buena Vista gold-mine, Teller county, Colo [35] 

Buff and Berger Pearson’s solar attachment, 814, solar attachment, 815, transit- 
theodolite [693] 

Bullard copper-mine, Yavapai county, Ariz [1079] 

Bullock, Milan C , biographical notice of, xxv 
Bullion gold-copper mine, Eowan county, N C [479] 

Bunker Hill and Sullivan silvei-lead mine, Coeur d’Alene district, Idaho, 681 
Burra Buira copper-mine, Polk county, Tenn [484] 

Burt’s solar compass, 806 et seq 

Buster copper-mine, Yavapai county, Ariz [1067, 1079] , assays of ore, 1079 
Caledonia gold-mine, Lawrence county, S Dak [283] 

California gold-mines; Nevada county ; Canada Hill [87] platinum-mines , Del 
Norte county; Crescent City [704], Little Eiver [704], Humboldt county , Big 
Lagoon [704], Gold Bluff [704], Stone Lagoon [704] 

Calloway copper-mine, Polk county, Tenn [484] 

CSalumet-Hecla copper-mme, Lake Superior region, Mich [377] 

Campbell, William Y , biographical notice of, xxvii v 

Canada- production of pig-iron in 1899, 505, 512 
Canada Hill gold-mine, Nevada county, Cal [87] 

Canadian Rand Drill Company’s shops, Sherbrooke, Qnebeo, visit to [hi] 

Carbonate iron-ore production of, in United States in 1899, 516 
Carbon in cast-iron, influence of silicon and sulphur on the condition of, 719 et seq. 
Caepextee, PKAXKi-iif E Pyritic Smelting in the BUck Hills [xlvii], 764 , discussion, 
1125 remarks id discussion of his paper on pyritic smelting in the Black Hills, 
1128 

Cary, John Stockly, biographical notice of, xxviii, 

Cartel, Prank, biogiaphical notice of, xxviii 
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Case, W H , on the oxidized zmc-oies of Viigmia, 346 

Cast-iron influence of silicon and sulphur on the condition of carbon in, 719 et seq ; 
micro-structure and physical piopeities of, as affected by heat-treatment, 734 
et seq 

Catlett, Chaeles Cocd-Oiitc-i ops [xlvii], 559, discussion, 1105, remarks in discus- 
sion of his papei on coal-outcrops, 1106 
Cephalonia, water-powei of the sea-mills, 49 
Chamheiliii, T C , on ore-deposits of Southwestern Wisconsin [46] 

CilAsrcE, H M A New Method foi WbiLing Deep Coal-Beds [xl], 285, discussion, 
1112, leinarks in discussion of his papei on new method for working deep coal- 
beds, 1115 Gold-0>es of the Black Mills, South Dakota [xl], 278 The Lon-Mmes 
of JSai tmlle, Wyoming [xlvii ], 987 

Chataed, T M and Whitehead, Cabell An Examination of the Otes of the Beptibhc 
Gold-Mine, Washington [xli], 419 

Chicago (Happy Thought) iron-mine, Hartville district, Wyoming [990], 991, 1000 
Child, A T and Heihekin, W P The Mici o-Stt nctui e and Physical Pi opei ties of Cast- 
hon, as Affected by Ileat-Ti eaUient, Especially in the Manufaetva e of Malleable Cast- 
Iion [xlvii], 734 

China coal-fields , TsO Chou, Shansi, 261 iron-ore, 274 marble and black lime- 
stone [275] 

Chloiination-woiks (see also i eduction- woiks) South Dakota Lawrence County 
Golden Eewaid [280], 284, Horseshoe Mining Co ’s (Kildonan) [280], 284 
Chloiite in gold-quaitz of Crown Point mine. Glass Valley, Cal [610] 

Cheisty, S B The Electiomotive Foi ce of Metals m Cyanide Solutions, 864 

Ciiculating waters of sui face-origin, 180 

City Deeps gold-mines, Witwateisiand, S Africa [974] 

Clastic dikes at Voiospatak, Austria [233] 

Claghoen, C E romaiks in discussion of Mr Chance’s paper on new method for 
working deep coal-beds, 1114 

Classification of fissuie-vems according to metasomatic processes, 619, et seq , of ore- 
deposits, 172 et seq 

Olausthal (Germany) locks, analyses of, 683, 684 
Clays of Comstock lode, analyses of, 648 

Glealum Iron-Oi es, Washington (Smith and Willis) [xxi], 356 , discussion, 1116 
Clealum iron-oie deposits, Mount Stuart district, Washington, 356 et seq , analyses of 
ores, 1116, 1117 

Clifton-Morenci copper-deposits, Giaham county, Aiiz, 192, 193 

Coal analysis of, Shansi, China, 273 

Coal-beds, deep, new method for working, 285 et seq 

Coal-Fields Aiound Ts6 Chou, Shansi, China (Deaeb) [xli], 261 

Coal-mines WestViiginia Payette county , Eed-Ash, 854 

Coal-Outcrops (Catlett) [aIvu], 559 , discussion, 1105 

Colliei, Peter, on oecurience of platinum at Plattsbuxgh, N Y , 702. 

Collins, on the metallurgy of lead [1131] 

Colorado gold-mines Boulder county, Melvina, 712, Mountain Lion, 715, Eed 
Cloud [714] Lake county. Golden Fleece [716] , Teller county , Buena Vista, 
[35]; Gaifleld Giouse [713], Geneva [716], Lee [35], Moon-Anchoi [715], 
Pike’s Peak, 713 , Poiter Gold King [716] , Smuggler [35] , Victor [35] . gold- 
and silver-mines [35, 87, 141] silver-lead mines [96] silvei -mines Custer 

county , Geysei, 206 Ouray county, Wedge and Bachelor, 227 et seq , Yankee 
Girl, 196 Pitkin county , Mollie Gibson, 195, 443 , Smuggler, 195, 443 San Miguel 
county , Pandoia, 195 , Smuggler Union, 195 Teller county , Deerhorn, 398, 401 , 
Plymouth Eock [398] , South Paik [398] , Summit [398] 

Coloiado (New York) iion-mme, Hartville distiict, Wyoming [996] 

Coloiimetric and electiolytic assays of coppei, compared, 853 
yoL XXX — 70 
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Oolot imeti ic Assay of'Copjpei (Smith) [xlvii], 851 , discussion, 1119 
Combes’s mme-theodolite, 801 et sey 
“ Combination-method ” of assay for gold and silver, 1124 
Commercial investigation of the TJ S Geological Suivey, 20 

Compressed-air haulage-plant, Susquehanna Coal Co , Glen Lyon, Pa , 566 et seq , cost 
of, 569 et seq 

Comstock, De Theo B The Geology and Vein-Phenomena of A) isona [xlvn], 1038 
Concentration of ores by reaction upon sulphides, compaied with metallurgical 
concentiation, 121 . special factors laffecting, 138 et seq , character of the topo- 
graphy, 161 et seq , effect of the horizontal element, 162 et seq , effect of the 
vertical element, 161 et seq , physical revolutions, 164 , vaiiations m porosity 
and structure, 138 et seq , complexity of openings, 139, 140 , vaiiations in imper- 
vious strata at various depths, 141 , pitching troughs and aiches, 150 et seq, , pre- 
existing channels and replacements, 158 et seq. 

Congress gold-mine, Yavapai county, Ariz [1046] 

Conrad Hill coppei-mine, Davidson county, N C , 479 
Consolidated Goldfields gold-mines, Witwatersrand, S Africa, 966 
Constitution of Cast-Ii on, with Itemai hs on (hrrent Opinions Ooncei mng Its Manufacture 
(HowE) (not published in this volume See Secretary’s note, 1102) 

Copper , analysis of Chili bars, 312 , effect of oxygen on, 837 et seq , colorimetric 
assay of, 851 et seq, 1119, colorimetric and electrolytic assays compared, 853, 
elimination of impurities m refining and conveiting, 310 et seq , Heine’s “blue 
test” for, 851 , properties of brass made from, containing oxygen, 843 etseq , 
containing suboxide formed by atmospheric oxidation of the molten metal, 840 
et seq , containing suboxide formed by fusion with saltpeter, 839 et seq , fiee 
from oxygen, 842 slag-assay, 852 . tailings-assay, 852 
Copper-deposits Arizona Cochise county , Bisbee, 192 Gila county , Globe, 192 
Graham county , Ohftou-Morenci, 192 Mexico Sonora, Nacosari [1058] types 
of, in the Southern United States, 449 etseq ; Catoctin, 498 , Duoktown, 484, 
Gold Hill, 474 et seq , Virgilina, 452 et seq 
Copper Knob copper-mme, Ashe county, N C , 479 
Copper-materials, assays of, for gold and silver, 529 et seq , 1121 et seq 
Copper-mines Arizona Chochise county, Copper Queen [191, 1058, 1080] Gila 
county; Old Dominion [1058, 1062, 1080] Graham county, Longfellow, kaolin m 
[1101] • Pinal county , Ray [1062] Yavapai county , Bullard [1079] , Buster [1079] 
assays of ore, 1079, United Verde, 192 [1058, 1088] Michigan Lake Supeiior 
region , Calumet-Heola [377] , Tamarack [377] New Mexico Grant county 
Hanover, 194 , Santa Rita, 194 North Cat olina Ashe county, Copper Knob, 479 , 
Ore Knob [493], 496 Davidson county, Conrad Hill, 479 Granville county, 
Blue Wing, 464 et seq , Yancey and Durgy, 461 ef seg Guilford county, Gard- 
ner Hill [480] , North State [480] Person county, Holloway, 458 ei sej Rowan 
County Gold Hill, 471 et seq. , Union Copper Company, 198 North Oai olina and 
Virginia Virgilma district, Blue Wing, 199 Tennessee Polk county, Burra 
Burra [484] ; Calloway [484], Isabella [484] , London [484] , Mary [484] , Polk 
county [484] , Tennessee [484] Utah Salt Lake county , Highland Boy, 194 , 
Viigtma Greene county. High Knob, 499 et seq , Linden, 500 et seq Halifax 
county, Anaconda, 464, Copper Woi Id, 463, Doiothy, 470, Frazier, 463, High 
Hill, 468 et seq , Thomas, 463, 464. 

Copper-ores Arizona Mohave county, Planet [1097], Yavapai county [1074] Mexico 
Chihuahua, 203 , South Ameeica. Pern, Cerro do Pasco, 203 
Copper Queen coppei-mme, Bisbee, Cochise county, Arizona [191, 1058, 1080] 
Copper-silver mines Idaho Florida Mountain Black Jack, 653 , Trade Dollar, 653 
Copper World copper-mine, Halifax county, Va , 463 
Cordilleran region of the western IT S , 49, 50 
Coronado copper-mines, 193 
Cortes, Martin, on the Astiolabe, 797 et seq 
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Cost of mining and treating gold-ores of Black Hills, S Dak , 280, 281 , slaaft-sinkmg 
on the Witwatersrand, S Africa, 967 

Countiy-iock near Himmelfalirt mine, Eieibeig, Saxony, analysis of, by Dr H 
Schulze, 609 

CouBTiSjW M lemarks in discussion of the paper of Messrs Smith and Willis on 
the Clealum iron-ores, Washington, 1116 
Covington iion-mine, Haitville district, Wyoming, 998 
Crescent City platinum-mine, Del Norte county. Cal [704] 

Cripple Cieek ores, analysis of, 1129 

Citpple Oteel, Volcano (Eickaeb) [xli], 367 

Crosby, W F and W 0 , on the sea-mills of Cephaloma, 49 

Cl OSS, Whitman, on the geology of Custer county, Colo [367], 368 , on sandstone dikes 
in Colorado [232] and Penrose, E A F , on mineral deposits of the Cripple 
Creek district, Colo , 654 

Crown Deep gold-mine, Witwateisiand, S Africa [965] 

Clowned King gold-mine, Yavapai county, Aiiz [1047, 1067] 

Cyanide-mills (see also reduction-works) South DaTcota Lawrence county , Black 
Hills Eeduction Co ’s [280], 284 
Cyanide solutions, electromotive force of metals in, 864 et seq 

Dana, J D , on characteristics of volcanoes [373]. 

Darnell’s experiments with the “ ions,” 867 
Daiwin, Ohas E , on sandstone dikes [232]. 

Davis, J B History of Solai Siii veying- Instruments, 803 , solar screen, 806 , solar 
transit, 824 

Day, David T Notes on the Oeemience of Platinum in the United States [xli], 702 
Deadwood gold-mine, Lawrence county, S Dak [282] 

Dead wood Terra gold-mine, Lawrence county, S Dak [282] 

Deadwood process of pyiitic smelting [1132] 

De Beers Consolidated diamond-mine, Kimbeiley, S Africa [986] 

Deep-Level Shafts on the Witwatersi and, with EemarTcs on a Method of Wot Ling the Greatest 
Numbei of Deep-Level Mines with the Fewest Possible Shafts (Leggett) [xlvi], 947 
Deerhorn silver -mine, Tellei county, Colo , 398, 401 

“ Deflection ” method for determining affinities of metals for cyanide solutions, 
891 ct seq 

De Launay, L , on oie-deposits, 134, 199 et seq , on metalliferous deposits [427] 
Delesse, on undergiound temperatures [376] 

Deposition of ores, some principles controlling the, 27 , of oxides below water-level, 
182 , of sulphides, 183 

Device for Sampling Pig-Iron (Shimbb) [xl], 321. 

Diamond-mines Fobeign Cousttbies . South Afi ica • Kimberley , DeBeers Consoli- 
dated [986] 

Diller, Jos S , on sandstone dikes [232] 

Distnbution of the Woild’s Pioduction of Pig-Ii on (Birkinbine) [xli], 504 
Doelter, Dr C , synthetic experiments in sulphide reactions, 214 
Dolcoath gold-mine, Jefferson county, Mont [447] 

Dominion Carpet Company’s mills, Sherbrooke, Quebec, visit to [In] 

Dominion Coal Company’s collieries, Sydney, Cape Breton, N S , visit to, Iv 
Dominion Iron and Steel Company’s works, Sydney, Cape Breton, N S , visit to, liv 
Dorothy copper-mine, Halifax county, Va, 470 

Douglas, James, on the Butte, Mont , copper deposits [128] , on the Copper Queen 
mine, Bisbee, Arizona, 191 

Drake, Noah Fields The Coal-Fields Around Tst Chou, Shansi, China [xli], 261 
Duektown, Tenn , copper-deposits [128]. 

Dunn, E J , on the “ Indicator,” Weddeiburn, Australia [1005] 

Durban Eoodepoort Deep gold-mine, Witwatersrand, S Africa [967] 
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Eaxfee, William Franklin, biogxaphical notice of, xxix 
Dutsk Greek gold-copper mmes, Eowau county, N 0 [479] 

Economic work of the TJ S Geological Survey, 14 

Ecuador gold-mines, 248 et seq 

Electrolytic theory, new, ob3ections to, 8B5 et seq 

Elect! omoUve Foice of Metals in Oyamde Solutions (Christy), 864 

Electromotire force of metals in cyanide solutions copper, 9l0, 911, diffeieiice be- 
tween gold and copper m potassinm cyanide, 923, gold, 912, 913, 914, iron, 920, 
lead, 916, 9X7 , meicury, 917, 918, 919 , silver, 915, 916 , zinc, 908, 909 
Elmnmtmn of Iminuities fiom Qoppet Mattes in the Eeveihe) ciiojf and Conveite) (Kel- 
LES] note to discussion, 1133 
Elkhart gold-mine, Niohave county, Ariz, 1048 [1069] 

El Paso lead-siaeltmg woiks, Texas [1059] 

Eariioisrs, 8 P The Secondartj Emiehmeat of Oie-Deposits [sx], 177, on the Butte, 
Alont , coppei -deposits, 129, on the fissure-vein of Queen of the West lead-silver 
mine, Ten 3Iile district, Colo, 677, on the Leadville, Colo, silver-deposits, 133, 
on the mines of Ouster county, Colo, 96, and Cross, Whitman, on propyhtic 
deiiosits of Silver Cliff and Rosita Kills, Colo , 652, Weed, W H and Towei, 
G- W Ji , on copper- veins of Butte, Mont , 676 
Englemann, Henry, biographical notice of, xxx 
Enuehnent of (fold and Silver Veins (Weed) [xxi], 424 
Enterprise gold and silver-tame, Rico, Dolores county, Colo [35, 87, 141] 

Eva May silver-lead mine, Bouldei county, Moat , 446 analysis of ore, 446 
Evolution of M%ne-Survey%ng Instruments (continued discussion, see vol xxviu, 679, vol 
xxix, 931), 783, Secretary’s note, 1105 

Examnation of the Ores of the Republic Gold-Mine, Washington (Chataed and White- 
head) [xli], 419 

Examiner gold-copper mine, Yavapai county, Ariz , [1078, 1076] , assays of ore, 1079 
Excursions and Entertainments, in Canada, h, at Washington, xlii 
Experiments Regarding the Influence of Silica on the Loss of Sihei tn Sconfleation 
(Steahss) [xlvii], 554 

Eaylosnon at the Red-Ash CoUiery, Fayette County, West Vuginia (Page) [slvn], 854 

Fackentbcal, B P, Ja A Reciiliar Siliceous Effloieseenee upon Pig-Jrow [xl], 524 , 
discussion, 1118 

Faribault, E E , on the gold measures of Hova Scotia, 157 

Farraday’s experiments with the “ ions,” 867 

Father de Smet gold-mine, Lawrence county, S Dak [283] 

Fikliy, J Ralph Notes on the OoUl-Mines of Zarwna, Ecuador [xli], 248 
Flicks, W von, on the tin-deposits of lit Bischofl, Tasmania, 623 
Fissiire-veins, metasomatic processes in, 578 et seq 
Flexibility of windmg-ropes, testing-machine for, 1022 
Florence silver-lead-mine, Neibart, Mont , 435 

Flowage, factors influencing depth of ocenrrence, 32, of underground watei, cause of, 
47 , of natei in capillary openings, Poisemlle’s law 43 , zone of, 31 et seq 
Flow of rocks, experiments in, by P D Adams, McGill Univeisity [32] 

Fluorite in Independence mme, Cripple Creek, Colo [604] 

Foxmnla foi slags, 1129 

Fiacture and flowage, zone of combined, 33 et seg , condition of water m zone of, 
36 etseq , ore-deposits derived fiomzone of, 45 , zone of, 31 division into a belt 
of weathering and a belt of cementation, 72 et seq , material for oie-deposits 
deiived fiom rocks m, 47 
France production of pig-uon in 1898, 505, 507 
ikazier copper-mine, Halifax county, Va , 463 
Fred Smith gold-mine, Yavapai county, Atiz [1077, 1078] 
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Fried Krupp Giusonwerk, Magdeburg-Buckau, Germany [291] 

Frohnei silvei -lead-mine, near Helena, Mont , 447 , analysis of ore, 446 
Furman, H Van F remaiks in discussion of Prof Carpenter’s papei on pyritic 
smelting m the Black Hills, 1125 , on mines near Mapimi, Durango, Mes [190] , 
on mining and smelting in the State of Durango, Mexico, 1126 (footnote) 
Furnace-Cadmia, analysis of, 528 

FmtTier Notes on EhmxnaUon of Impiii ities fi oin Coppei in Refining and Oonveiting (Kel- 
ler) [xlii], 310 

Fmtliei Notes on the B&tiand-Thiel Piocess (Hartshorne) [xli], 531 


Galena replacing calcite in Elkhorn mine, Mont , 617 
Gai dam’s (J ) solar transit, 819 

Gardner Hill copper-mine, Guilford county, N C [480] 

Garfield Grouse gold-mine. Teller county, Colo , 713 

Garnet in gold-quartz veins of Broken Hill, New South Wales [611] 

Geneva gold-mine, Teller county, Colo [716] 

Geognosy and vein -structure in Arizona, details of, 1044 

Geological Relations of the Iron-Oies in the Caiteisville Distnct, Geoigia (Hayes) [xli], 
403 

Geological Surveys of the U S Geological Survey, 5 
Geology and Vein-Phenomena of Aiisona (Comstock) [ ], 1038 

Germany , testing of winding-iopes in piovince of Anhalt, 1020, et seq 
Germany and Luxembuig production of pig-iron in 1899, 505, 506 
Geyser silvei-miiie. Silver Cliflf, Custer county, Colo , 206 
Geysei (Security-) silver-lead-mine, Custer county, Colo [96] 

Gibbs, Piof J Willard, investigations in mathematics of modern electio-chemical 
theory, 866 

Gilbert, G K , on the Cordilleian legion of the Western XT S , 49, 50 
Gladiatoi gold-mine, Yavapai county, Ariz [1047, 1067] 

Glen Deep gold-mine, Witwateisrand, S Africa [967] 

Globe copper-deposits, Gila county, Aiiz , 192 

Gneiss near Himmelfahrt mine, Freiberg, Saxony, analysis of, 661, 662 
Godshall, L D Assay of Ooppei -Matenals fo) Gold and Silvei [xli], 529 , discussion, 
1121 

Gold of the Nome region, Alaska, 239 et seq , solubility of, in cyanide solutions, of 
varying strength, 926 et seq , caused by electro-motive force of oxygen of air, 
931 et seq. 

Gold Basin gold-mines, Mohave county, Arlz [1046] 

Gold Beach platinum -mine, Curry county, Ore [704] 

Gold Bluff platiuum-mine, California [704] 

Gold -copper ’mines Aneona Pinal county, Eay [1062, 1089] , Yavapai county. Ex- 
aminer [1078, 1079] , assays of ore, 1079 , Mineral Hill [1078, 1079] ; assays of ore, 
1079 North Carolina Eowan county , Bullion [479] , Dutch Creek [479] , Gold 
Knob [479] , Eeimer [479] 

Gold-deposits Foreign Countries Anstiaiia Ballarat, Metropolitan lode [1009], 
1018 

Gold-districts of Seward Peninsula, Alaska, 244 et seq 
Golden Fleece gold-mine, Lake county, Colo, [716] 

Gold Hill copper mine, Eowan county, N C , 471 etaeq 
Gold Jem gold-mine, Yavapai county, Ariz [1078] 

Gold Knob gold-copper mines, Eowan county, N C [479] 

Gold-mines Arizona Mohave county , Elkhart, 1048 [1069] , Gold Basin [1046] , 
Tennessee [1048, 1069] Pima county , Homestake [1046] , Pinal county , Ante- 
lope [1063], Mammoth [1046, 1063], Yavapai county, Blue Dick [1078], 
Bonanza King [1078], Congress [1046], Crowned King [1047], Fred Smith 
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[1077, 1078] , Gladiator [1047] , Gold Jem [1078], Jeisey Lily [1068, 1078, 1083] , 
kaolin in [1101] , Lynx Creek [1080, 1088, 1089] , Quartz Mountain [1074] ; Ross 
[1077, 1078], Scotland [1078]; Zero [1074] Yuma county, King of Arizona 
[1046], La Fortuna [1046] Gahfoima Nevada county, Canada Hill [87] 
Colot ado Bouldei county, Melvina, 712, Mountain Lion, 715, Red Cloud 
[714] Lake county, Golden Fleece [716] Teller county, Buena Vista [35], 
Garfield Grouse, [713] , Geneva [716], Lee [35] , Moon-Anchor [715] , Pike’s Peak, 
713, Porter Gold King [716], Smaller [35], Victor [35] Montana Jeffeison 
county , Bolcoath [447] , Mayflower [447] Nevada White Pine county , Stai 
[1049] South Dakota Lawrence county , Caledonia [2S2] , Deadwood [282] , 
Deadwood Terra [282] , Father de Smet [282] , Highland [282] , Homestake 
[282], 283; Washington Stevens county , Republic, 419 et seq , analyses of oies, 
422, 423 , assays of ores, 420 et seq • Fobeign Cobntiiie& Austt aha Ballarat , 
New Normandy [1010] , Prince Regent [1009] Bendigo , New Chum-Victoria 
[377] , Ecuadot Zaruma, 248 el seq , Abundancia, 251 , Mina Grande, 251 , 
Portovelo, 251 Sonth Africa Witwatersrand , Angels Deep [966] , Botha’s Reef 
[948] , City Deeps [974] , Consolidated Goldfields, 966 , Crown Deep [965] , Duiban 
Eoodepoort Deep [967] , Glen Deep [967] , Jumpers Deep [967] , Knight Central 
[967], Knights Deep [967], Main Reef [948], NewPrimiose [979], North Reef 
[948] , Randfontein Reef [948] , Simmei and Jack East [967], Simmer and Jack 
Proprietary [948] , Treasury [948] , Van Ryn Reef [948] , Vogelstruis Deep [967] , 
Wolhnter [948] , cost of sinking shafts, 967 , dimensions and construction of 
shafts, 968, methods of locating shafts, 950 et seq., pumps and power used in, 968 
et seq , rate of sinking shafts, 975 . Western Austt aha . Kalgoorlie , Associated 
Mines [715], Great Boulder Main Reef [716] , Kalgurli, 715 
Gold and silver, plate-amalgamation of, 318 et seq 

Gold- and silver-mines- Arizona Cochise county; Bonanza King [1074], Little 
Wonder [1074] Pinal county , Mammoth [1063] Colorado Dolores county , 
Enterprise [35, 87, 141] 

Gold- and silver-veins, enrichment of, 424 et seq 

Gold Ores of the Black Hills, South Dakota [Chance) [xl], 278 

Gold-ores South Dakota cost of mining and tieatment, 280, 281 , xeducing-pro- 
oesses, 280 

Gold-veins of the Nome region, Alaska, 243 

Good Fortune iron-mine, Hartville district, Wyoming, 991, 995, 999 
Great Boulder Main Reef gold-mine, Kalgoorlie, W Australia [716] 

Great Britain ; production of pig-iron in 1899, 505, 506 

Geeene, Feed T ; remarks in discussion of Mr Herzig’s paper on method for ob- 
taining the volume of small drifts, etc , 1109 
Gbesley, W S , remarks in discussion of Mr Chance’s papei on new method for 
working deep coal-beds, 1112 
Griffin, P H , on Canada limonite-deposits [316] 

Groddeek, A von, on origin of clastic dikes [233] , on the veins of Clausthal, Gei- 
many, 682 

Ground-water level, 181 

Gxound-wateis in hydrographic investigations, 226 
Grubb, Edward B , biographical notice of, xxx 
Gruson Iron-woiks, Magdeburg-Buckau, Geimauy [291] 

Gruson Botatmg Tuiiets (Smith) [xxi], 291 
Gulch -placers of the Nome region, Alaska, 239, 240 


Halifax, Nova Scotia, visit to, Ivi 

Hamilton, S Habbeet and Witheow, James R Pi ogt ess of Mineralogy in 1899 
[xli] (Bulletin II, not published m the Transactions) 

Hanover coppei-mine. Grant county, N M , 194 
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Hanstadt’s (von) mine-tlieodolite, 800 

Harsliaw silvei -mines, Santa Cruz county, Ariz [1089] 

Haeteani'T, S S The P)OtecUon of Blast-Fmnaee Linings [xlvii], 573 
Haetshoene, Joseph Fiuthei Notes on the Bei tiand-Thiel Biocess [xli], 531 
Hayden, Edwaid Simeon, biogiapliical notice of, xxsi 

Hayes, C Willaed Geological Relations of the Bon-Ores in the Caitei smile Distiicf, 
Geoigia [xli], 403 , on bauxite-deposits in Ga and Ala [347] 

Heath, Geoege L remaiks in discussion of Mi J D Audley Smith’s papei on the 
colorimetric assay of copper, 1119 , on the apparatus for Heme’s “ blue test ” [851], 
Heat-tieatment of cast-iiou, effect of, on micro-stiuctuie and physical properties, 
734 et seq 

Heine’s “ blue test ” foi coppei, 851. 

Helena and Frisco silver -lead-mme, Coeui d’Alene distiict, Idaho, 680, 681 
Heller and Brightly Y-level [693] 

Hematite brown (limonite), in Cartersville district, Ga , 411 et seq / production of, 
in United States in 1899, 516 deposits at Planet, Mohave county, Ariz [1097] , 
(red), production of, m United States in 1899, 516, specular, in Caiteisville dis- 
tiict, Ga, 411 

Henderson, G E and Davis, W W , on cast-iron in railway practice [726] 
Henderson’s ( J ) rapid traverser, 795 [798] 

Henrietta silvei-mme, Yavapai county, Aiiz [1067] 

Heezig, C S a Method f 01 OUaining the Volume of Small Drifts and Worlang-Places, 
TVhei e it IS Impossible to Use a Tiansit [xlvii], 778, discussion, 1109, Signal-Device 
foi Mines [xlvi], 314 

Hidden, W E and Piatt, J H , on occuiieuce of platinum in Cowee valley, N, 0 , 703 

High Hill coppei -mine, Halifax county, Va , 468 et seq 

High Knob coppei -mine, Greene county, Va , 499 et seq 

Highland Boy copper-mme, Salt Lake county, Utah, 194 

Highland gold-mine, Lawrence county, S. Dak [282] 

Hills, E 0 , on the ore-deposits of Summit district, Eio Grande county, Colo , 664 

Eistoiy of Solas Simm/ing-Instiuments (Dayis), 803 

Hittorf’s experiments with the “ ions,” 867 

Hoefei, Eugene, biographical notice of, xxxi 

Hoffman-Haiden tiipod-head, 788 

Hofman, Di H 0 , on the metallurgy of lead, 1127 

Holden, Edward, P , biographical notice of, xxxi 

Holloway copper-mine. Person county, N C , 458 et seq 

Hollway process of pyiitic smelting, 1132 

Holmes’s solar theodolite, 816 

Homestake gold-mine, Pima county, Ariz [1046] 

Homestake gold-mine, Lawrence countv, S Dak [282], 283 

Hoskold, H D Remarls on Mme-Suneying Insti uments, with Special Refei ence to Mr 
Dunbar D Scott’s Paper on their Evolution, and its Discussion (not published in this 
volume See Secretary’s note, 1102) 

Hot-springs in Arizona [1100, 1101] 

Hgwe, H M The Constitution of Cast-Iron, with Remarics on Cun ent Opinions Concern- 
ing Its Manufacture (not published in this volume See Secretary’s note, 
1102 , The Influence of Silicon and Sulphur on the Condition of Cai bon m Cast-B on 
[xlvii], 719 , note m correction of his discussion of Mr Keller’s paper on the 
elimination of impurities from coppei mattes in the reverberatory and conver- 
ter, 1133, remarks in discussion of Mr Fackenthal’s paper on a peculiar siliceous 
efflorescence upon pig-iron, 1118 

Hulbert's (B J) improved mine-transit, 793 side-telescope transit, 792, transit- 
instrument, “ Lake Superior pattern,” 791 
Hunt, Alfred Ephraim, biographical notice of, xxxii 
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Hunt, T Stexry, on the copper-deposits at Ore Knob, H C , and in Carroll county, Va , 
198 , on occur! ence of platinum in Quebec, Canada, 703 , on psuedomorphs, 582 
Hussak, Dr E , on the auriferous quartz-Tem of Passagem, Minas G-eraes, Brazil, 626. 
Hutton, P W , on the auiiferous veins of Hauraki gold-fields, Thames district, Kew 
Zealand, 651. 

Sydraulie Pimping-Plant on the Snake River, Idaho, foi Pom) , Irrigation and theTieaU 
meni of Gold Sands (Birkikbine) [xli], 518 
Hydrographic investigation of the H S Geological Survey, 24 

Sydrog) ajphic Xnveshgations of the United States Geological Survey in then Relation to 
Milling (Newell) [xx], 217 

Idaho auriferous sand in, 521, 522, hydiaulic pumpmg-plant on the Snake Eiver, 
518 et seq , iron-sand in, 523 , irrigation in, 521 , lighting and heating of 
Pocatello, 523 

Illinois production of pig-iron in 1899, 515 

Illustrations of secondary enrichment and diminution of richness with depth, 128 
Indicator Vein, Ballarat, Australia (Bickard) [xlvu], 1004 

Influence of Silicon and Sidphiii on the Condition of Cat bon m Gast-Iion (Howe) 
[zlvn], 719 

Inkey, Bela von, on clastic dikes in Nagyfig district, Hungary, 233 , on the Nagyfig 
ore-deposits, 648 

Intercolonial Coal Company’s Drummond Collieiy, Westville, N S , visit to [Ivi] 

Ions, complex, m electro-chemistry, 879 
Iron and steel, micro-constituents of, 734 et seq. 

Iron-disk, definition of, 799 

Ji on~Mines of JSartville, Wyoming (Chakcb) [xlvii], 987 

Iron -mines North Gaiolina Person county, Blue Wing [434] Wyoming Hartvilld 
district, 987 ei seg , analysis of ores, 989 , Alaska [998] , Blue Bird, 1000, Chicago 
(Happy Thought), [990], 991, 1000 , analysis of ore, 990 , Colorado (New York) 
[996], Covington, 998, Good Fortune, 991, 995, 999, Nightingale, 998 , Sunrise, 
991, 995 , Vaughn, 993 . Village Belle-Lone Jack, 991 
Iron-ore deposits : Washington • Mount Stuart district, Clealum, 356 et seq , analyses 
of, 358, 364, genesis of ore and conditions of deposition, 362 et seq 
Iron-ores Georgia Cartersville district, 403 ef seq ; geological relations of, 403 et seq ; 
Washington : Kittitas county ; Clealum, 356 et seq , Fobeigf Countries China : 
Shansi , hematite, 274 
Iron-sand in Idaho, 523 
Iron “ sows,” 1131 

Irrigation m N Utah [521] , in S E Idaho, 521 

Irving, Prof E D , on the coppei-bearing rocks of Lake Supeiior, 687 , on sandstone 
dikes [232] 

Isabella copper-mine, Polk county, Tenn [484] 

Italy production of pig-iron. in 1897, 505, 513 

Jacoby, Prof , on effect of cyanide of potassium solutions in the electio-chemical 
series, 865, 

Jacquet, Mr , on secondary sulphides at Broken Hill lode, N S Wales, Austialia, 204 
Jars’s process of lead-refining, 776 

Jenckes Machine Company’s shops, Sherbrooke, Quebec, visit to [In] 

Jenney, W P , on the lead- and ziue-deposits of the Mississippi, 197 

Jersey Lily gold-mme, Yavapai county, Anz. [1068, 1078, 1083] , kaolin in [1101] 

Johnson, G E , on the action of metalloids on cast-iron [723] 

Johnston’s Company, Thetford, Quebec, visit to asbestos-mines of [lin] 

Jones, Clemens Catesby. The RoUer-Pallet System for the Manufacture of Bricks 
[xxi], 299 



INDEX 


1147 


Judd, Prof on the old volcano of Mull, Scotland [371] 
Jumpers Deep gold-mine, Witwatersrand, S Africa [967] 


Kahlenberg, L and Lincoln, A T , on solutions ot silicates, 64 
Kalgurli gold-mine, Kalgoorlie, Western Australia, 715 

Kaolimte in propylitic veins at Cripple Creek, Colo [614], in vein near Boulder, 
Mont [614] , at Delamar, Idaho [614] , of Summit district, Colo [614] and 
seriGite in veins of the pyritic galena-formation of Freiberg, Saxony [614] 

Keep, W J , on the tiansverse strength of cast-iron [726 ] 

Kbllee, Edwaed The Ehm/inatwa of Jmpuiities from Coppei Mattes in the JJererSeia- 
tory and Gonvertei , note to discussion, 1133, Fuithei Notes on Elimination of 
Impmities f I om Copper in Refining and Comeiting [xlii], 310 
Kelvin, Lord, on osmotic pressure, 889 

Kemp, J F , analyses of Irmburgite [760] , on geological history of Ducktown veins, 
494 

Kennedy, on iion-ores of Texas [347] 

Keweenaw Point, Lake Superior region, coppei -bearing rocks of, 89 
Keyes, Chaeles R The Ongvn and Classification of Oi e-Deposits [xx], 323 on limon- 
ite in loess-deposits [346] 

Kimball, Huam, biographical notice of, xxxiv 

King Brothers Asbestos Company, Thetford, Quebec, visit to mines of [liii] 

King of Arizona gold-mine, Yuma county, Aiiz [1046] 

Knight Contial gold-mine, Witwatersrand, S. Africa [967] 

Knights Deep gold-mine, Witwatersrand, S Africa [967] 

Kohlrauch’s experiments in molecular conductivity, 868 , with the “ ions,” 867 
Kongsbeig silver-mines, Norway, 213, 

Kunz, Geoege F Biogiaphical Notice of Thomas Egleston, PhD, LLD [xli], (not 
published in this volume See Secretary’s note, 1102) 

La Dura lead-mine, Sonora, Mexico [1059] 

La Fortuna gold-mine, Yuma county, Ariz [1046] 

Leaching in the zone of weathering, 427 et seq 

Lead-mines , Arizona Pima county , Pride [1059] , San Xavier [1059] , Foeeign 
CotTNTEiES Mesieo Sonora, La Dui a [1059] 

Lead-silver mines Colorado Ten Mile district. Queen of the West, 677 
Lead-zinc mines Coloiado. Aspen district , Smuggler, 443 
Le Blanc, on new theory of ionic dissociation, 889 

Ledoxjx, a E remarks in discussion of Mr Godshall’s paper on assay of copper- 
materials for gold and silver, 1121, on Union Coppei -mines, Gold Hill, N 0 , 473, 
Lee gold-mine. Teller county, Colo [35] 

“ Leaf silver,” occurrence of, in porphyry at Bishee, Cochise county, Ariz [1089] 
at Globe, Gila county, Ariz [1089] 

Leggett, Thomas Haight Deep-Level Shafts on the Witwatei srand, with Bemai Ics on 
a Method of Woi Tang the Greatest Number of Deep-Level Mines with the Fewest Possi- 
ble Sha;fts [xlvi], 947 , on the Eosario silvei mine, San Juanoito, Honduras, Central 
America, 444. 

Lidgey, Ernest, on the Ballarat East gold-field, Australia [1005], 1006, 1007 et seq, 
passim 

Limhurgite in the Cripple Creek district, Colo , 759 et seq 

Limestone, srlicified. Diadem lode, Plumas county, Cal, [601] ^ 

Lincoln silver-mines, Pinal county, Ariz [1082], 

Linden copper-mine, Greene county, Va , 500 et seq 

Lindgeen, Waldemab Metasomatic Piocesses in Fissuie-Veins [xli], 578, on the fis- 
snre-vein of the Trade Dollar and Black Jack mines, Florida Mountain, Idaho, 
653, on the gold-belt of the Sierra Nevadas, 35, on the gold-quartz veins of 
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California, 665 ei seg , on granitic and dioritic rocks of Meadow Lake, Nevada 
coanty, Cal , 642, on the quartz veins of De Lamar, Idaho, 663 , on the Sieira 
Nevada, 87 , on the silver-lead veins of Wood Eiver, Idaho, 679 
Lippman capillary electrometei [902] 

Litharge, coppery, fusibility of [777] 

Lithosphere zone of flowage, 31 et seq , zone of fiacfcure, 31. 

Little Jessie silver-mine, Yavapai county, Ariz [1067, 1083] 

Little Elver platinum mine, Gal [704] 

Little Wondei gold- and silver-mine, Cochise county, Ariz [1074] 

Liversidge, experiments on precipitation of gold from solution by metallic sulphides 
[433]. 

Llewellyn (Morgan), on tlie “Indicator,” Ballarat, Australia [1004] 

Locke’s hand-level, 786 , “sights” substituted for telescope, 786 
London copper-mme, Polk county, Tenn [484] 

Longfellow eopper-mine, Giaham county, Ariz , kaolin in [1101] 

Lord, Enssell Parham, biographical notice of, xzxiv. 

Lyman, Benjamin S Notes on Mtne-Smveying Instniments, with Speotal JiefeHnce to 
Ntiniai D Scott’s Paper on then Evolution, and its Discussion [xlvii] (not pub- 
lished in this volume See Secretaiy’s note, 1102) , solai transit, 811 
Lynx Creek gold-mines, Yavapai county, Ariz [1080, 1088, 1089] 

Maclauriu’s tables losses of gold in potassium cyanide saturated with oxygen, 932, 
solubility of oxygen m potassium cyanide solutions, 933 
Magnesite in country-rock near Idaho vein, Giass Valley, Cal [606] 

Magnetite production of, in United States in 1899, 516 
Main Eeef gold-mine, Witwatersrand, S Africa [948] 

Major part of oie-depositing water, meteoric, 47 
Mammoth gold-mine, Pinal county, Ariz [1046, 1063] 

Manganese in Carteisville district, Ga , 418 

Manganese-mines Anzona Cochise county, Tombstone [1064], Mohave county , 
White Hills [1064, 1087], Pmal county, Silver Bell [1064], Yavapai county, 
Silver Belt [1064], 

Mansfeld slags, analyses of, 766, 1129 
Manzavino, Nicolas E , biographical notice of, xxxv. 

Marble and black limestone of Shansi, China [275] 

Mary copper-mine, Polk county, Tenn [484] 

Material for ore-deposits derived from rocks in zone of fiacture, 47 
Mayflower gold-mine, Jefferson county, IVlont [447] 

McCabe silver-mme, Yavapai county, Anz [1067, 1083] 

McCracken silver-mine, Mohave county, Anz [1089] 

MeCreath’s analyses of “paint” iron-ores of Sunrise mine, Hartville district, Wyo- 
ming [994] 

MeKellar, Peter, on quartz-veins in granite at Lake of the Woods, Western Ontaiio, 
673 

McNair’s (Thos S ) inclined-standard mine-transit, 789 

Meetings of the Institute , at Washington, D C (annual), February, 1900, xix , m 
Canada, Nova Scotia and Newfoundland, August, 1900, xlv, list of, from oigam- 
zation to February, 1901, x 
Meiseberg silver-lead mine, Anhalt, Germany, 1023 
Melyina gold-mine, Boulder county, Colo , 712 

Members and Associates deaths of, xxiv , election of at Washington, D C , Febiu- 
ary, 1900, xlii, election of in Canada, August, 1900, xlviii; election of by 
mail, April 13 and June 12, 1900, xlviii; statistics of, xxiv. 

Merrill, on weatheiing of serpentine into residual soil, 365 
Metasomatic Fiooesses m Fissiwe-Veins (Lindgeen) [xli], 578 
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Metasomatic rocks from gold-quartz-veins, analyses of, 666 
Method for OMaimng the Volume of Small Dnfts and Wojkmg-Places, Whete it is Impossi- 
ble to Use a Ttansit (Heezig) [xlvn], 778, discussion, 1109 
Metiopolitan lode, Ballarat, Austialia [1009], 1018 
“ Mexican onyx ” quarries Ansona Yavapai county. Big Bug [1100] 

deposits Sonoia, Nacosari [1058] lead-mines Sonora, La Dura 

Michigan, Maiqnette range , pioduetionof iiou-orein 1899, 516, Menominee lange 
pioduction of iion-ore m 1899, 517 ’ 

Michigan and Wisconsin Gogebic range , production of iron-oie in 1899, 517 
Micio-constituents of iron and steel, 734 et seq , austenite, 735, cementite, 734 
ferrite, 734, martensite, 735 , pearlite, 735 , sorbite, [734] , tioosite [734] 
Miao-Structw e and Physical Piopeities of Cast-Iion, as Affected by Eeat-Tnatment, Espe- 
ciallyin the Mamifactuie of Malleable Cast-hon (Child and Heikeken) [xlvn], 

Middleton, William B , biographical notice of, xxxvi 
Miles, Fiedenc Plumb, biographical notice of, xxxvi 
Mina Giande gold-mine, Zaruma, Ecuador, 251, 

Mineral coatings on copper at the Spiings of Bouibon I’Aiohambault, Prance 214 
215 

Mineial Hill gold-copper mine, Yavapai county, Aiiz [1078, 1079] , assays of ore 
1079 

Mineial lesoinces of the United States, work of the U S Geological Survey in lela- 
tion to, .3 

Mineial statistics of the U S Geological Suivey, 21 

Mine-suiveying, method of obtaining volume of small diifts and woiking-plaoes 
where use of tiausit is impossible, 778 et seq 
Mme-suiveying instruments transit-theodolite, Buff and Berger [693], Y-level, 
Hellei and Biightly [693] 

Mimng Swvey (Wilkinson) [xlvn], 693 

Minnesota Mesabi range, production of non-ore in 1899, 517, Vermillion range, 
pioduction of non-ore in 1899, 517 
Moldenke, Dr B , on the melting-point of cast-iron [723] 

Molho Gibson silver-mine, Pitkm county, Colo , 195, 443 
Moon-Anchoi gold-mine, Teller conntv, Colo [715] 

Montana gold-mines Jeffeison county, Dolcoath [447] , Mayflowei [447] 

Mountain Lion gold-mine, Bonldei county, Colo , 715 
Mulloney’s (J, P ), minmg-dial, 786 

Faumanu ou pseudoiuorphs, 581 

Fernst’s (Piof) dielectric constants, 887, curve of electro-motive force, SSO , theory 
of solution-piessuie, 874 et seq 
Fovada gold-mines White Pine county , Stai [1049] 

Fewherry, Wolcott Ely, biographical notice of, xxxvn 
Few Chum-Victoria gold-mine, Bendigo, Australia [377] 

Fewell, P H , Hydi ographic Investigations of the United States Geological Smvey m 
their ‘Relation to Mining [xx], 217 
Fewfoundland, visit to, Ivni 
Few Glasgow, Fova Scotia, visit to, Ivi 

Mew Method for Woi Icing Peep Coal-Beds (Chance) [xl], 285 . discussion, 1112 
Few Mexico, copper-mines, Grant county, Hanovei, 194, Santa Eita, 194 
Few Foimanhy gold-mme, Ballarat, Austialia [1010] 

Few Primiose gold-mine, Witwatersrand, S Afiiea [979] 

Fightingale iion-mine, Hartville district, Wyoming, 998 
Fome gold region, Alaska, 236 et seq 
" Fonius-plate ” on surveying-compass, 786 
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Noxtb Carolina , copper-mines . Asbe county , Copper Knob, 479 , Ore Knob [493], 496 . 
Dayidson county, Conrad Hill, 479, Granville county, Blue Wing, 464 et se^ , 
Yancey and Durgy, 461 et seq , Guilford county , Gardner Hill [480] , North State, 
[480] , Rowan county , Gold Hill, 471 et seq , Union Copper Company, 198 and 
Virginia, copper-mines, Yirgilina district, Blue Wing, 199, gold-copper names ^ 
Rowan county, Bullion [479], Dutch Creek [479], Gold Knob [479], Eeimer 
[479] 

North Reef gold-mine, Witwatersrand, S Africa [948] 

North State copper-mine, Guilford county, N C [480] 

Note on the Plaie-Amalgamahon of Gold and. Sdvei (Tays) [xli], 318 
Notes on the Compy essed-Air Eanlage-Flant at No 6 Collieiy of the Susqiiehanm Cod Com- 
pany, Glen Lyon, Pemisylvama (Bowden) [xlvi], 566 
Notes on Mi'ne-Surveymg Jnsti iments, with Bpeeial Reference to Mi Bmilar D Scott’s Paper 
on their Evolution, and its Discussion (Lyman) [slvii] (not published m this volume 
See Secretary’s note, llOSl 

Notes on the Qold-Mmes of Zai uma, Ecuadoi (Fineay) [xli], 248. 

Notes on the Occurrence of Platinum in Noi th Amei tea (Day) [eIi], 702 
Nova Scotia Steel Company, Ltd , visit to works of, Ivi 

Oacuiience of Limhui gite in the Ci ipple Cieeh Disti id (Stevens) [slvii] 759 
Oeher in Cartexsville district, Ga , 415 et seq 

Gfideers of the Institute for 1900 and 1901, ix , election of, Pebiuaiy, 1900 si , election 
of, February, 1901, is 
Ohio production of pig-iron in 1899, 615 
Oil-Bearing Shales of the Coast of Siaeil (Beannee) [slvi], 537 
Old Dominion copper-mine, GiU county, Arm [1058, 1062, 1080] 

Openings in rocks, 38 et seq , size and number of, 40 
Ore-chutes, 166 et seq 

Ore-deposits, alteration of, 329 , atasic (unstratified), 343 , formation, by flssuie-oecu- 
pation, 354, by fumarole-impregnation, 353, by magmatic secretion, 353, by 
metamorphic segregation, 353 , by pieferential collection, 354 , derived from zone 
of fracture, 45 , classification of, 172 et seq , eutaxic (stratified), 341, foimed by 
concretionary accumulation, 352 , by ere vice-accretion, 351 , by emponded amass- 
ment, 348, by fold-fillmg, 351, by metamorphic replacement, 352, by original 
sedimentation, 347, by selective dissemination, 347, hypotaxio (surface), 341, 
formed by aqueous transportation, 345 , by lesidual cumnlation, 345 , by precipi- 
tative action, 346 , law of origin, 327 , material for, derived from rocks in zone of 
fracture, 47, methods of formation, ascension veisus lateral secretion, 330, le- 
placement, 330 . nature of, 326 , original source, 328, origin and classification of, 
323 et seq , the result of work of underground watei, 30 , secondary enrichment 
of, 177, significance, 327 

Ore Knob copper-mine, Ashe county, N 0 [493], 496 
Origin and Classification of Ore-Deposits (Keyes) [ix], 323 

Orthoclase (valencianite) m gold-silver veins La Valenciana, Mexico [612] , Silver 
City, Idaho [612] , in Talenciana silvei-mine, Guanajuato, Mexico [612] 
Ostwald’s experiments in molecular conductivity, 868 , noimal electiode, 892 
Owen, Fbank remarks m discussion of Mr Scott’s paper on the evolution of mme- 
surveymg instruments, 795 
Owl’s BEead silver-mine, Pmal county, Anz [1089] 

Page, W N Explosion at the Bed- Ash CoUieiy, Fayette County, West Virginia, 
[xlvii], 854, 

Pandora silver-mme, San Miguel county, Colo , 195 
Paton woolen mills, Sherbrooke, Quebec, visit to [hi] 

Pavlow, Mr., on sandstone dikes in Russia [232] 
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Peaisons’s (H C ) solar transit, 813 

Peck silver-mme, Yavapai county, Ariz [1067] 

Pecuhai Clastic Dike neat Out ay, Colot ado, and its Associated Deposit of Stiver -Oie (Rxis- 
SOME [xli], 227 

Peadiai Siliceous Efiot essence upon Pig-It on (Fackenthax) [xl], 524, discussion, 1118 
Pennsylvania production of pig-iron in 1899, 515 

Penrose, E A P , on Cripple Cieek gold-placers [345] , on emichments between altered 
and unaltered vem-mattei, 427 , on the geology of the Cripple Creek distiiet [35]j 
88 , on the supeificial alteiation of ore-deposits, 134 [177] 

Peteis, Samuel, biogiaphical notice of, xxsvii 

Petherick’s (Wm ) mme-tiansit with first of top-auxiliary telescopes, 788 
Pfefi'er’s expeiimeuts in osmotic pressure, 869 
Pictou haibor, N S , visit to [Ivi] 

Pig-iron . analyses of, 720, 721, 727 et seq passim, Bessemei, analyses of, 525 , device 
for sampling, 321 et seq , distribution of world’s piodiiction of, 504 et seq , pecu- 
liar siliceous efflorescence upon, 524 et seq , analysis of, 525 
Pike’s Peak gold-mine, Teller county, Colo , 713 
Pioneer silver-mine, Q-iIa county, Aiiz [1089] 

Platinum in gold-bearing sands, of Alaska, assays of, 707, of California, assays of, 
706, 707 , of Idaho, assays of, 707 , of Montana, assays of, 707 , of Oregon, assays 
of, 707 occuiience of, in North America, 702 et seq 
Platinum mines Cahfoima Del Norte county. Crescent City [704] , Little Eivei, 
[704] Humboldt county , Big Lagoon [704] , Gold Bluff [704] , Stone Lagoon 
[704] Ot egon Cuny county , Gold Beach [704] , Port Orford [704] , Lincoln 
county, Yaquina Beach [704] 

Plymouth Eock silver-mine, Teller county, Colo [398] 

Poggendorf’s “ Zeio ” or “ Compensation ” method for determining affinities of metals 
foi cyanide solutions, 865 [891], 899 ei seq 
Poiseuille’s law of the flowage of water m capillary openings, 43, (footnote) 

Polk county copper-mine, Polk county, Tenn [484] 

Porter Gold King gold-mine. Teller county, Colo [716] 

Poxtovelo gold-mine, Zarunia, Ecuador , 251 

Port Orford platinum-mme, Curry county, Oie [704] 

Poiepny, E , on origin of elastic dikes [233] , on pipe-ore of Eaibl, Bohemia, 438 , on 
stalactite deposits of sulphide [437] 

Potentials of different metals in contact with cyanide solutions, 901 

Poulette-Sciope, on volcanoes 

Precipitation in the zone of weathering, 430 

Preferential use by water of large channels, 60 

Piestwich, Sir John, on underground temperatures, 376 

Pride lead-mine, Pima county, Aiiz [1059] 

Pnnee Eegent gold-mine, Ballaiat, Australia [1009] 

Pkobbex, Fbank H 27te Testing of Winding-Mopes in the P) ovince of Anhalt, Get many 
[xlvi], 1020 

Proceedings of Meetings (see Meetings) 

Production of iron-ores in United States in 1899, 516, of pig-iron, distribution of 
world’s, 501 et seq , of pig-iion in various countries for 1899,505, of telluride- 
ores at Ciipple Creek, Colo , in 1899, 708, of telluride-ores at Kalgoorlie, Western 
Australia, in 1899, 708 

Progress of Minet alogy in 1899 (Hamilton and Withrow) [xli] (Bulletin II, not 
published in the Tiansactions ) 

Pi opet ties of Brass Made from Coppei Gontaininq Siib-Oxide, with Observations of the Effect 
of Oxygen on Coppet (Sperry) [xIvh], 837 
Propylitic andesite, analysis of, 646 

Protection of Blast-Fm naee Linings (Hartranet) [xlvii], 573 
Publications of the Institute, xii 
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Pumpelly, Eaphael, on metasomatisin m ore-deposits, 589 , on the metasomatic devel- 
opment of copper-bearing rocks of Lake Superioi, 686, 687 
Pampmg-plant, hydraulic, on Snake Eivei, Idaho, 518 d; seq 
Pumps and power used in gold-mines of Witwateisrand, S Africa, 968 et seq, 
Pnrington, C W , on the gold-quartz veins of Telluride, Colo , 672 , on the mining 
industries of the Telluride quadrangle, Colo [162] 

Putnam, B P , on limonite-mines of Oregon [347] 

Pyrite-deposits Foeei&n Countries Baly Monte Catini, 201 et seq , Noi way 
Vigsnas [201], Spain' Huelva piovinces, 201, Eio Tiuto, 200, Tharsis, 201, 
Sweden Fahlun [201] 

PyntiG Smelting in the Black Hills (Carpenter) [xlvii], 764, discussion, 1125 
Pyritic smelting in the Altai mountains, Siberia, 772 

Quartz Mountain gold-mine, Yavapai county, Ariz [1074] 

Quebec, Canada, visit to, liii 

Queen of the West lead-silver mine, Ten Mile district, Colo , 677 
Qmjotoa silver-mine, Pima county, Ariz [1089] 

Eandfontein Eeef gold-mine, Witwatersraud, S Africa [948] 

Eandolph, Beverley S remarks in discussion of Mr Catlett’s paper on coal-out- 
crops, 1105, 1107 

Eansome, F L a Peculiar Clastic Bike neai Out ay, Colorado, and its Associated 
Beposit of Sdvei -Ore [xli], 227 
Eay gold-copper mine, Pinal county, Ariz [1062, 1089] 

Eaymoitd, E W remarks in discussion of Mr Scott’s paper on the evolution of 
mine-surveying instruments, 797 
E^aumur, on the malleable cast-iron piocess, 736 
Eed-Ash colliery, Fayette county, W Va , explosion at, 854 et seq 
Eed Cloud gold-mine, Boulder county, Colo [714] 

Eeduoing processes foi treating Black Hills, S Dak , gold-ores, 280 
Eeduction-works (see also chloriuation-works, smelting-works, stamp-mills, cyanide- 
mills) South Dakota Lawrence county , Black Hills Eeduction Co ’s cyanide- 
mill [280], 284, Deadwood and Delaware smelter [280], 283, 284, Golden Eewaid 
chlormation-mill [280], 284 , Horseshoe Mining Co ’s (Kildonan) chloriuation- 
mill [280], 284 

Eedwood, Boveiton, on shales of Eiacho Doce, Brazil, 549 
Eeimer gold -copper mine, Eowan connty, N- C [479] 

Pemarhs on Mine Surveying-Instruments, with Special Befei ence to Mi , Dunbar D Scott’s 
Paper on then Evolution, and its Discussion (Hoskold) (not published in this 
volume See Secretary’s note, 1102) 

Eepublic gold-mine, Stevens county, Wash , 419 et seq , analyses of ores, 422, 423, 
assays of ores, 420 et seq ; examination of the ores of, 419 et seq 
Eeservoir-surveys in hydrographic investigations, 223 et seq 
Eeverheratoiy furnace, used for law-smelting at Freiberg, Saxony, 768 
Ehodonite in veins at Butte, Mont [fell] , at Broken Hill, Austialia [611] , at 
Kapnik, Hungary [611] , at Eeal del Monte, Mexico [611] 

Eichthofen, Baron von, geological reconnaissance of Shansi, 261 et seq 
Eigkard, T a . The Cripple Cieek Volcano [xli], 367, The Indicator Vein, Ballaiat, 
Austialia [xlvii], 1004, The Tellunde-Ores of Oiipple Cieek and Kalgooilie [xlvii], 
708 , on the Enterprise mine, Eico, Colo , 35, 87, 

Eicketts’s (Dr ) report on Sunrise iron-oie, Hartville district, Wyoming, 1003 
Eittenhouse, first use of vermei by, 786 

Boiler -Pallet System for the Manufactw e of Bucks (Jones) [xxi], 299 
Eosario silver-mine, San Juancito, Honduras, Central America, 444 
Eoss gold-mine, Yavapai county, Ariz [1077, 1078] 

Euby silvei-mine, Butte district, Mont [433] 
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Eules of the Institute, xiv 

Eussia production of pig-iron m 1899, 505, 507 et seq 
Saegmuller’s (G N ) solar transit, 820 

Saniuelson, Mi,, experiments in iron-smeltmg at Kongsbeig, Noiway, 770 , on the 
fusibility of coppeiy litharge [777] 

Sandbeiger, Prof, on fissure-veins of Schapbach, Schwarzwald, 674, on silver- veins 
ofWittich, Schwarzwald, 674, on occuiience of native silver in altered granite 
[586] 

Santa Eita copper -mine. Grant county, N M , 194 
San Xavier lead-mine, Pima county, Ariz [1059] 

Saxony tin-deposits of Altenberg and Zinnwald, analysis of, 622. 

Schmoltz’s (Wm ) solar transit, 810 

SOHOLZ, 0. remarks in discussion of Mr Catlett's paper on coal-outcrops, 1107 
SCHBADEK, F G and Beooks, A H Some Notes on the Nome Gold Region of Alasla 
[xx], 236 

Schurmann, E , investigations in sulphide reactions, 212 
Schuylkill silver-lead mine, Mohave county, Ariz [1069] 

Scorification-assays, 557 

Scott, Dunbak D The JSuolutwn of Mme-Surveying Instruments (see vol xxviii, 679 
vol XXIX, 931), continued discussion, 783 Secretaiy's note, 1105 
Scotland gold-mine, Yavapai county, Ariz [1078] 

Sea-mills of Oephalonia, water -power of, 49 

Secondary enrichment absence of, in silver-lead bodies of Cceur d’Alene district, 
Idaho, 439 , changes of water-level, 448 , chemical processes involved in, 209 
et seq , effect of physiogiaphic and climatic changes, 447 et seq , instances of, 
conditions at Butte, Mont , 185 et seq , Eastern U S , 197 et seq , Western copper- 
deposits, 189 , Western silver-deposits, 195 , Austi aha New South Wales , Broken 
Hill lode, 203, 204, Mexico Chihuahua, 203, Reiu. Cerro de Pasco mining- 
distriots, 203, Spam Huelva provinces, 201, Eio Tinto, 200, Tharsis, 201, 
occurrence of bonanzas and pay-streaks, 439 et seq , of veins at Neihart, Mont., 
444 et seq zone of enrichment, 426 et seq , 431 , solution and precipitation of 
gold, 432 et seq zone of weatheiing, 426 et seq , leaching m, 427 et seq , pre- 
cipitation in, 430 

Secondary Ennchment of Ch e-Reposits (Emmons) [xx], 177 

Secretary's note, 1102 

Seibert’s (F E ) solar transit, 812 

Shales, oil-bearing, of the coast of Brazil, 537 et seq 

Sherbrooke, Quebec, visit to, In 

Sherbrooke electric light station, Sheibrooke, Quebec, visit to [In] 

Shimee, Poetee W a Device foi Sampling Pig-Iton [xl], 321 

Sideiite in lead-silver veins of Coeur d’Alene, Idaho [607] , of Wood Eiver, Idaho [607] 

Signal-Device for Mines (Heezig) [xlvi], 314. 

Silica, influence of, on loss of silver in scorification, experiments regarding, 554 et seq 

Silicates, solutions of, 64 

Siliceous gold-belt of South Dakota, 278 et seq 

Silicified dionte, analysis of, 673 

Silicon and sulphui, influence of, on the condition of carbon in cast-iron, 719 et seq 
Silver Bell silvei-mine, Pinal county, Anz [1064] 

Silvei-Belt silvei-mine, Yavapai county, Anz [1064, 1082] 

Silver deposit near Ouray, Ouray county, Colo , 227 et seq 
Silver King silver -mine, Gila county, Anz [1039, 1058 1089] 

Silver -lead mines Arizona Mohave county, Schuylkill [1069], Coloiado. Custer 
county. Geyser (Secuiity-) [96], Montana, Boulder county , Eva May, 446, an- 
alysis of ore, 446 ; Lewis and Clarke county, Frohnei, 447, analysis of ore, 446 , 
Neihart Big Seven, 435, Florence, 435 , Foeeign Coxjnteies Geimany An- 
halt ; Meisebeig, 1023 
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Silver-mines Anmia Cocliise county , Tombstone [1039, 1064, 1089] G-ila county, 
Old Dominion [1062] , Pioneei [1089] , Silver King [1039, 1058, 1089] , Mohave 
county , Buckeye [1089] , McCracken [1089] , Schuylkill [1069] , White Hills 
[1064, 1087] , Pima county , Quijotoa, [1089] , Pinal county , Lincoln [1082] ; Old 
Dominion [1080], Owl’s Head [1089], Silvei Bell [1064], Santa Cruz county, 
Harshaw [1089] , Yavapai county . Blue Dick [1069] , Buster [1067] , Ciown King 
[1067] , Gladiator [1067] , Henrietta [1067] , Jersey Lily, kaolin in [1101] , Little 
Jessie [1067, 1083] , McCabe [1067, 1083] , Peck [1067] , Silvei Belt [1064, 1082] , 
Yaeger [1087] , Goloi ado Custei county , Geyser, 206 , Ouiay county , Wedge 
and Bachelor, 227 et seg . Yankee Girl, 196 , Pitkin county , Mollie Gibson, 195, 
443, Smuggler, 195, 443, San Miguel county , Pandora, 195, Smuggler-Union, 
195 , Teller county , Deerhorn, 398, 401 , Plymouth Eock [398] , South Park 
[398], Summit [398], Montana Butte district, Euby [433], Foeeign Coun- 
TEIES Australia New South Wales, Biokeu Hill Consols, 204, 205, Central 
Amenca Honduras, Eosario, 444, Neio South Wales Austialian Broken Hill 
Consols, 441 , JVoj way Kongsbeig, 213 
Silver-ores Coloi ado Ouray county , Ouray, 227 et seg, 

Simmei & Jack East gold-mine, Witwatersrand, S Africa [967] 

Simmer & Jack Proprietary gold-mine, Witwatersiand, S Africa [948] 

Simmer & Jack stamp-mill, Witwatersrand, S Africa, 987 
Slag-assay of coppei, 852 

Slags analyses of Dead wood and Delaware, 765, of Mansfeld, 766, 1129, Balling’s 
tables foi calculations of, 775, formula for, 1129 
Slichter, C S , on openings in rocks [39], on the motion of underground wateis, 54 
Smelting, method of, employed by Detroit Copper Co , 769 , pyiitic, in the Black 
Hills, S Dak , 764 et seg 

Smelting-works (see also reduction-works) South Dakota Lawrence county , Dead- 
wood and Delaware [280], 283, 284, copper Arizona Aiizona City, Boggs [1061] 
(footnote) lead Texas El Paso [1059] 

Smith, Geoege Otis and Winiis, Bailey The Clealum Bon-Oies, Washington [xxi], 
356, discussion, 1116 

Smith, George, on secondary sulphides at Bioken Hill Consols mines, N S Wales, 
Australia, 204, 205 

Smith, J D Ahdley, The Colonmetnc Assay of Copper [xlvii], 851, discussion, 1119, 
remarks in discussion of his paper on the colorimetric assay of copper, 1121 
Smith, T Guileoed Gruson Rotating Turiets [xxi], 291 
Smith-Hedley dial, 787 et seg 
Smith’s solar transit, 817 
Smuggler gold-mine, Tellei county, Colo [35] 

Smuggler silver-mine, Pitkm county, Colo , 195, 443 
Smuggler-Union silver-mine, San Miguel county, Colo , 195 
Solubility of gold in cyanide of varying stiength, 926 et seg 
Solutions of silicates, 64 

Some Motes on the Nome Gold Region of Alaska (Scheadee aud Beooks [xx], 236 
Some Prinaples Controlling the Deposition of Dies (Van Hise) [xx], 27 
South Africa Witwatersrand, deep-level shafts, 947 et seg , gold-mines Witwaters- 
rand Angels Deep [966] , Botha’s Eeef [948] , City Deeps [974] , Consolidated 
Goldfields, 966 , Crown Deep [965] , Duihan Eoodepooit Deep [967] , Glen Deep 
[967], Jumpers Deep [967], Knight Central [967], Knights Deep [967], 
Mam Eeef [948] , New Prmnose [979] , North Eeef [948] , Eandfontem Eeef 
[948] , Simmer & Jack East [967] , Simmer & Jack Pioprietary [948] , Treasury 
[948] , Van Eyn reef [948] , YogelstruisDeep [967] , Wolhuter [948] , cost of sink- 
ing shafts, 967 , dimensions and construction of shafts, 968, methods of locatmg 
shafts, 950 et seg , pumps and power used in, 968 st seg , rate of sinking shafts 
975. 
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South Dakota Black Hills , pyritic smelting m, 764 et seq , gold-mines Lawrence 
county , Caledonia [282] , Deadwood [282] , Deadwood Terra [282] , Father de 
Smet [282] , Highland [282], Homestake [282], 283, gold-oies, Black Hills, 278 
ei seq , cost of mining and tieatment of, 280, 281 , reducing processes, 280 
South Park silvei-mme. Teller county, Colo [398] 

Spam production of pig-irou in 1899, 505, 511 

Sperry, Ekwin S The PtopeHies of B} ass Made ftom Coppei Containing Sub-Ozide, 
with Ohsemations of the Effect of Orygenon Copper [xlvii], 837 
Spun, J E , on the Aspen mining district, Colo , 87, 678 , on oie-bodies of the Aspen 
district, Colo , 443, on the geology of the Mercur mining distiict, Utah, 152 , on 
Mesabi oies of Minn [347] 

Stamp-mills (see also i eduction -works, etc ) Foreign Countries South Africa 
Witwateisrand , Simmei & Jack, 987 
Stapff, B F , on limonite-sands of the Swedish lakes [347] 

Star gold-mines. White Pine county, Nevada [1049] 

Steel and iron, micio-structuie of, 734 et seq 

Stelzner, A W , on tourmalinic gold-copper veins in Chile, 626 

Stevens, E A An Occnirenceof Jjimlnrgiteinthe Onpple Creek Bistnct [xlvh], 759 

Stokes, H N , on chemical reactions, 215, 216 

Stone Lagoon platmum-mine, Humboldt county, Cal [704] 

Strauss, Lester Eapei iments Regarding the Influence of Silica on the Loss of Silver in 
Scoriflcation [xlvii], 554 

Stieam-measuiement in hydrogiaphic investigations, 220 et seq 
Stiickland, Mr , on sandstone dikes [232]. 

Summit silvei-mine, Tellei county, Colo [398J 
Siiniise iion-mine, Hartville distiict, Wyoming, 991, 995 

Surveying instruments astrolabe, 797, Baitelot’s mining compass. 785 , Bell-Elliott- 
Eckhold omnimetei, 822, Brady’s duplex-bearing mine-transit, 791, Brandis’s 
solar transit, 822 , Buff & Beigei’s Pearsons solai attachment, 814 , Buft & Ber- 
gei’s solai attachment, 815 , transit theodolite [693] , Buit’s solar compass, 806 
et seq , Cotnbes’s mine theodolite, 801 et seq , Davis’s solar scieen, 806 , solar 
transit, 824 , Gardam’s solar transit, 819 , Henderson’s rapid traverser, 795 [798] , 
histoiyof solai, 803 et seq , Hoffman-Harden tripod-head, 788, Holmes’s solar 
theodolite, 816, Hulbert’s improved mine-transit, 793, side-telescope transit, 
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Swoyei, John Hemy, biographical notice of, xxxviii 
Sydney, Cape Briton, N S , visit to, liv 
Symington, William Newton, biographical notice of, xxxviii 

Tailings-assay of copper, 852 

Tamarack copper-miiie, Lake Superior legion, Mich [377] 

Tays, E a H , Note on the Plate-Amalgamation of Gold and Silvei [xh], 318. 

Tellur ide-Ores of Cripple Greek and Kalgoorlie (Eiokard) [xlvii], 708 
VOL XXX —71 



1155 


INDEX. 
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Tin-deposits of Altenberg and Zmnwald, Saxony, analysis of, 622 
Tombstone silvex-mine, Cochise county, Ariz [1039, 10G4, 1089] 
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scapolite-apatite veins, 625 

Volcanoes scientific observation of action of, 371 et seq , United States Coloiado 
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